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The systematics of the pseudoscorpion family Ideoronddae (Pseudoscorpiones: Neobisioidea) in the

New World

Mark S. Harvey*-- and Wllllaim B. Muclimore^: 'Department of Terrestrial Zoology, Western Australian Museum,

Locked Bag 49, Welshpool DC, Western Australia 6986, Australia; ^Research Associate, Division of Invertebrate

Zoology, American Museum of Natural History, New York, USA; Research Associate, Department of Entomology,

California Academy of Sciences, San Francisco, California, USA; Adjunct, School of Animal Biology, University of

Western Australia, Crawley, Western Australia 6009, Australia; Adjunct, School of Natural Sciences, Edith Cowan
University, Joondalup, Western Australia 6027, Australia. E-mail: mark.harvey@museum.wa.gov.au; "Department of

Biology, Rochester University, Box 270211, Rochester, New York 14627-0211 USA

Abstract. A review of the pseudoscorpion family Ideoroncidae in North and South America has revealed seven genera

and 43 species. The genus Albiorix occurs in xeric environments in western USA and in Mexico, with two outlying species

in Chile and Argentina. It includes 18 species, including five new species from Mexico (A. meraculm, A. minor, A. oaxaca,

A. puebla and A. rosario), and three from USA (A. gertschi, A. sarahae and A. vigintus). Albiorix holivari is treated as a

junior synonym of A. retrodentatiis. The genus Ideoroncus has nine species and is endemic to southern Brazil and Paraguay.

Pseudalbiorix has four species and occurs in Central America and western Cuba. Typhloroncus has six species from Mexico

and U.S. Virgin Islands, including the new species T. planodentatus from Mexico. Xorilhia has three species and occurs in

the Amazonian rainforest ecosystems of northern Brazil and southern Venezuela. Two new genera are described:

Mahnertim Harvey & Muchmore for the new species M stipodentalus (type species) and M hadrodentatus, both from

Colombia; and Muchmoreus Harvey for the new species M ignotus (type species) from Mexico. Several keys are provided,

including one to separate the New World genera, and others to distinguish the species of each genus (apart from the

monotypic Muchmoreus). The post-embryonic development of New World ideoroncids is reviewed, particularly the

trichobothrial patterns of nymphs and adults.

Keywords: Pseudoscorpions, taxonomy, morphology, new species, new genera, post-embryonic development

The pseudoscorpion family Ideoroncidae was first recognized

and named by Chamberlin (1930), who included two subfamilies

and four genera: the subfamily Ideoroncinae for the genera

Ideoroncus Balzan 1887 from South America, Albiorix Cham-
berlin 1930 from North America, and Dhanus Chamberlin 1930

and Shravana Chamberlin 1930 from southeast Asia, and the

subfamily Bochicinae for the monotypic Bochica Chamberlin

1930 from the West Indies. Beier (1931) added the genera

Negroroncus Beier 1931 from east Africa and Dinoroncus Beier

1931 from Chile, each represented by single species. Beier

(1932b) recognized both subfamilies but also added the

subfamily Hyinae, which Chamberlin (1930) had previously

proposed as a distinct family. Beier (1931, 1932b) added the

Bolivian genus Mirobisiiim Beier 1931 to Bochicinae, but this

genus was later recognized as a close relative of Gymnobisium

Beier 1931, and both genera, along with Vachonobisiiim Vitali-di

Castri 1963, were treated as members of the family Vachoniidae

by Vitali-di Castri (1963) and of the Gymnobisiidae by Beier

(1964) and Muchmore (1972). Further genera of Ideoroncinae

were added from various tropical regions of the world.

Redikorzev (1938) described Nhatrangia Redikorzev 1938 from

southeast Asia. Beier (1955) and Mahnert (1981a) recognized

new African genera, Nannoroncus Beier 1955 and Afroroncus

Mahnert 1981, respectively, whilst Muchmore (1979, 1982b,

1986) described various species of Typhloroncus Muchmore 1979

from the Caribbean region. Most recently, Harvey et al. (2007)

recognized Pseudalbiorix Harvey, Barba, Muchmore and Perez,

2007 from Central America.

In the meantime, the Hyinae was reinstated as a distinct

family by Chamberlin (1946) and Bochica was placed in its own

family, Bochicidae, by Muchmore (1982a). Bochicidae was later

expanded with the inclusion of the previously separate family

Vachoniidae by 1992) and 1998). The removal of these various

genera from the Ideoroncidae to other families has left a tightly-

knit group of genera within Ideoroncidae characterized by the

presence of supernumerary trichobothria on the fixed and

movable fingers of the pedipalpal chelae, and the median

maxillary lyrifissure being located sub-basally on the pedipalpal

coxa (1992). The family currently contains 59 species in 10

genera (Harvey 2013) and occurs throughout most tropical and

sub-tropical regions of the world with the exception of

Australia and West Africa (Harvey 2013).

Of the five named New World genera of the Ideoroncidae,

Ideoroncus is restricted to Brazil and Paraguay, Albiorix is

found in Mexico and southwestern U.S.A., as well as Argentina

and Chile, Pseudalbiorix is found in Cuba, southern Mexico,

Belize and Guatemala, Typhloroncus occurs in the Virgin

Islands and Mexico, and Xorilbia is restricted to the Amazonian

region (Harvey 2013). Although many New World species have

been well described and illustrated, some of the older species are

poorly known. In particular the identity of some members of

the genus Albiorix is difficult to verify based upon the original

descriptions. Our attempts to consistently identify new speci-

mens of Albiorix from the USA and Mexico based upon the

keys presented by Chamberlin (1930) and Hoff (1945) proved

ineffective, mainly due to the poor understanding of intraspe-

cific variation within the genus. We have examined numerous

specimens as part of a review of the group and here present the

results of that study. We present illustrated redescriptions of

most of the older species of Albiorix, and describe several new
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species of Alhiorix as well as the first species of Typhloroncus

with eyes. We have also found three new species from Mexico

and Colombia that could not be placed in any existing genus,

for which we erect two new genera.

METHODS
The specimens examined during this study are deposited in

the American Museum of Natural History, New York, New
York, USA (AMNH); California Academy of Sciences, San

Francisco, California, USA (CAS); Coleccion Nacional de

Aracnidos, Instituto de Biologia, Universidad Nacional

Autonoma de Mexico, Cuidad de Mexico, Distrito Federal,

Mexico (CNAN); Florida State Collection of Arthropods,

Gainesville, Florida, USA (FSCA); Museum of Comparative

Zoology, Harvard University, Cambridge, Massachusetts,

USA (MCZ); Museo Zoologio di Universita degli Studi di

Napoli, Portici, Italy (MZUN); Peabody Museum of Natural

History, Yale University, New Haven, Connecticut, USA
(PMNH); Bohart Museum of Entomology, University of

California, Davis, California, USA (UCDC); University of

California, Riverside, California, USA (UCRC) and the

Western Australian Museum, Perth, Australia (WAM).
Most specimens newly examined for this study were slide-

mounted by the second author (W.B. Muchmore) in Canada

balsam, generally using the methods described by Hoff (1949).

Other specimens were examined by the senior author (M.S.

Harvey) by preparing temporary slide mounts by immersing

the specimen in 15% lactic acid at room temperature for one to

several days, and mounting them on microscope slides with 10

or 12 mm coverslips supported by small sections of 0.25 mm
or 0.50 mm diameter nylon fishing line. Specimens were

examined with a Feica MZ16 dissecting microscope, Feica

DM250() or Olympus BH-2 compound microscopes, and

illustrated with the aid of a drawing tube. Measurements were

taken at the highest possible magnification using an ocular

graticule. After study the specimens were returned to 75%
ethanol with the dissected portions and placed in 12 X 3 mm
glass genitalia microvials (BioQuip Products, Inc.).

The setae of the carapace are shown as a solid line if present,

but depicted with a dashed line if the seta was missing from the

specimen. Other small dots depicted in the illustrations are

small pores, and not setal areolae.

The genera and species treated in this monograph are

arranged alphabetically. Terminology and mensuration largely

follow Chamberlin (1931), with the exception of the nomen-

clature of the pedipalps, legs and with some minor modifica-

tions to the terminology of the trichobothria (Harvey 1992),

chelicera (Harvey & Edward 2007; Judson 2007) and faces of

the appendages (Harvey et al. 2012). The notation of the

supernumerary trichobothria follows Mahnert (1984a).

Coordinates for the collection localities were calculated

using Google Earth or obtained from various other on-line

resources. The spellings of the Mexican place names generally

follow Reddell (1981).

SYSTEMATICS

Family Ideoroncidae Chamberlin 1930

Ideoroncidae Chamberlin 1930:42; Chamberlin 1931:220;

Beier 1932a: 166; Beier 1932b: 183; Roewer 1937:254; Hoff

1956:25; Murthy and Ananthakrishnan 1977:25-26; Much-
more 1982a: 97-98; Harvey 1991:315; Harvey 1992:1408;

Harvey 2013:unpaginated.

Ideoroncinae Chamberlin 1930;44; Chamberlin 1931:220;

Beier 1932a; 170; Roewer 1937:256; Hoff 1956:25.

Diagnosis.—Species of Ideoroncidae can be readily distin-

guished from all other pseudoscorpions by the presence of

multiple trichobothria on the chelae, with 19 or more on the

chelal hand and fixed finger and 10 or more on the movable

chelal finger (e.g.. Figs. 4, 27B, 3 1C). Adults of most other

pseudoscorpion families have a maximum of 8 trichobothria

on the fixed finger and chelal hand, and 4 trichobothria on the

movable chelal finger. The only exception is within the family

Menthidae, whose members have a pattern of 1 1 +4.
Ideoroncids can also be easily recognized by the position of

the median maxillary lyrifissure, which is situated sub-basally

on the pedipalpal maxilla (Fig. 7A) (it is sub-medial or sub-

distal in other families) and the deeply divided median genital

sac in males (Fig. 6B) (it is usually entire in the majority of

families).

Description.

—

Adults: setae: long, straight and acicular.

Chelicera (Figs. 7A, 7B, 28 B, 29C): hand with 6-9 setae;

movable finger with 1 long seta; rallum of 4 thickened blades;

galea simple, long and slender.

Pedipalp: fixed chelal finger and hand with 19-31 trichobo-

thria, movable chelal finger with 10-14 trichobothria (e.g..

Figs. 5, 28C, 3 1C). Venom apparatus present in both chelal

fingers, venom ducts long (e.g.. Figs. 8C, 24B, 29D, 3 IE).

Carapace: with 2 bulging eyes (e.g.. Figs. 17A, 21 A, 27A,

29A), or in some species absent (Fig. 8A).

Coxal region (Fig. 6A): manducatory process with 2 long

distal setae; median maxillary lyrifissure present and sub-

basally situated.

Legs (Figs. 7F, 7G): femur I and 11 without basal swelling;

femora I and II with primary slit sensillum directed transverse-

ly; femur I much longer than patella I; suture line between

femur IV and patella IV transverse; metatarsus shorter than

tarsus; without sub-ungual spine; claws slender and simple.

Abdomen: pleural membrane longitudinally striate (Fig. 6F);

spiracles simple, with spiracular helix (Fig. 6E); setae of anterior

genital operculum (sternite II) of female very small (Fig. 6D).

Genitalia; male median genital sac bipartite (Fig. 6B); female

with large gonosac covered with scattered pores (Fig. 6C).

Post-embryonic development.—Mahnert (1979, 1981a,

1981b, 1984a), Harvey (1992) and Harvey et al. (2007)

presented data on the trichobothria! patterns occurring in

the nymphs of various species of Ideoroncidae. Mahnert

(1979, 1984a) provided complete post-embryonic sequences

(i.e., protonymph, deutonymph, tritonymph and adult) for a

single New World species {Ideowncus setosiis) and partial data

on one or two nymphal stages in addition to the adult (I.

divisus, 1. lenkoi, I. paranensis and Albiorix arhoricola). Harvey

et al. (2007) provided data for Pseudcdhiorix reddelli and

partial data for P. arnuisi (tritonymph) and P. veracruzensis

(tritonymph). We now add complete data for A. chUensis

(Fig. 4), and partial data for A. cmophthabmis (deutonymph),

A. couodentatus (tritonymph and deutonymph), A. meracidus

(tritonymph), A. inexiccmus (tritonymph), A. parvideiitatiis

(tritonymph), A. retrodentatus (tritonymph) and Muchmoreus

iguotus (tritonymph) (Table 1). As in al! pseudoscorpions
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Figure 1.—A, B. Albiorix parvidentatus Chamberlin, female from Tucson, Arizona, USA. (WAM T129656); C, D. Pseiukilhiorix veracruzensis

(HofO, male from Acatlan, Oaxaca, Mexico (WAM T65487): A, C, dorsal; B, D, ventral.

(e.g., Vachon 1964), there is a progressive addition of

trichobothria at each post-embryonic stage. The general

pattern of trichobothrial development in New World ideor-

oncids is similar between species, with a pattern of 3/i in

protonymphs, 9/6 in deutonymphs, 14-15/8 in tritonymphs

and 20-22/10 in adults (Table 1). These figures exclude the

occasional variation in total trichobothrial numbers when
individual trichobothria are occasionally added or are lost

(e.g., Mahnert 1984a; Table 1).

Ideoroncid protonymphs have three trichobothria on the

fixed finger (eh, et and ist) and one on the movable finger (t),

forming a pattern of 3/1, which is standard for all

pseudoscorpions. The deutonymphal stage of lochelrata is

usually characterized by a 6/2 pattern, although reductions to

slightly lower numbers occur in species with reduced adult

trichobothria (Harvey 1987, 2011; Mahnert 1984b; Vitali-di

Castri 1965). The New World ideoroncid deutonymphs have

extra trichobothria in the ist (for a total of 2) and t (4) regions,

and the de novo addition of trichobothria in the est (2), ih (2),

it (1) and b (2) regions. Tritonymphs have extra trichobothria

in the est (4-5), it (3^), ist (3) and t (5) regions, and the de

novo addition of trichobothria in the esh ( 1 ) and .9/(1) regions.

The adults have additional trichobothria in the est (6), ib (4-

6), ist (4-6) and / (6) regions, and the de novo addition of

trichobothria in the ish ( 1 ) and sh ( 1 ) regions.

The slight differences observed in the tritonymphs of different

species are not always refiected in the corresponding adults; i.e.,

those tritonymphs with a pattern of 14/8 have adults with a
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Table 1.—The number of trichobothria occurring on New World species of Ideoroncidae, including known nymphal stages. Variant numbers
are shown in parentheses.

eb esb est et ib isb ist it b sb St t

Fixed

finger,

total

Movable

finger,

total Reference

A Ihiorix cmophthabmis Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Deutonymph 1
- 2 1 2 - 2 i 2 - - 4 9 6 This study

A Ihiorix argeutiniensis Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert { 1984a)

A Ihiorix chileiisis Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 This study

Tritonymph I 1 4 1 3 - 3 1 2 - 1 5 14 8 This study

Deutonymph 1
- 2 1 2 - 2 1 2 - - 4 9 6 This study

Protonymph 1 - -
1

- -
1

- - - -
1 3 1 This study

A Ihiorix conodentalus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Tritonymph 1 1 5 1 3 - 3 1 2 -
1 5 15 8 This study

Deutonymph 1
- 2 1 2 - 2 1 2 - - 4 9 6 This study

Alhiorix edentatus Adult 1 1 6 1 4 1 6 1 2 1 1 6 21 10 This study

Tritonymph 1 1 5 1 3 - 3 1 2 -
1 5 15 8 This study

A Ihiorix gertschi Adult 1 1 6 1 5 ! 6 1 2 1 1 6 22 10 This study

Alhiorix magmis Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

A Ihiorix meraculus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 This study

Alhiorix mexiccmus Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a);

this study

Tritonymph 1 I 4 1 3 - 3 1 2 -
1 5 14 8 This study

Alhiorix minor Adult 1 1 6 1 5 1 6 (4, 5) 1 2 1 1 6 22 (20, 21) 10 This study

Alhiorix mirahilis Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Alhiorix oaxaca Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Alhiorix parvideiitalus Adult 1 1 6 1 5 (4) 1 6 (4, 5) 1 2 1 1 6 22 (20,21) 10 This study

Tritonymph I 1 5 1 3 - 3 1 2 -
1 5 15 8 This study

Alhiorix puehla Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

A Ihiorix retrodentatus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Tritonymph 1 1 5 1 3 - 3 1 2 -
1 5 15 8 This study

Alhiorix rosario Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Alhiorix saraliae Adult 1 1 6 1 4 1 6 1 2 1 1 6 21 10 This study

Alhiorix vigintus Adult 1 1 6 1 5 1 4 1 2 1 1 6 20 10 This study

Ideoroncus anophthalmus Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a)

Ideoroncus heieri Adult 1 1 6 1 4 1 6(5) 1 2 1 1 6 21 (20) 10 Mahnert ( 1984a)

Ideoroncus cavicola Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 (Mahnert 2001)

Ideoroncus divisiis Adult 1 1 6 1 4 1 4 1 2 1 1 6 21 10 Mahnert (1984a)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Mahnert (1984a)

Ideoroncus lenkoi Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Mahnert (1984a)

Ideoroncus pallidus Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a)

Ideoroncus parcmensis Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Mahnert (1984a)

Ideoroncus procerus Adult 1 1 6 1 4(5) 1 6 1 2 1 1 6 21 (22) 10 Mahnert (1984a)

Ideoroncus setosus Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Mahnert (1984a)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Mahnert (1984a)

Deutonymph 1
- 2 1 2 - 2 1 2 - - 4 9 6 Mahnert (1984a)

Protonymph 1
- -

1
- -

1
- - - -

1 3 1 Mahnert (1984a)

Mahnertius hadrodentatus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Mahnertius stipodentatus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Muchmoreus ignotus Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 This study

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 This study

Pseudalhiorix armasi Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Harvey et al. (2007)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Harvey et al. (2007)

Pseiidalhiorix muchmorei Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Harvey et al. (2007)

Pseudalhiorix reddelli Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Harvey et al. (2007)

Tritonymph 1 1 4 1 3 - 3 1 2 -
1 5 14 8 Harvey et al. (2007)

Deutonymph 1
- 2 1 2 - 2 1 2 - - 4 9 6 Harvey et al. (2007)

Protonymph 1
- -

1
- -

1
- - - -

1 3 1 Harvey et al. (2007)

Pseudalhiorix veracruzensis Adult 1 1 6 1 4 1 5 1 2 1 1 6 20 10 Harvey et al. (2007)

Tritonymph 1 1 4 1 3 - 4 1 2 -
1 5 15 8 Harvey et al. (2007)

Typhloroncus attemmtus Adult 1 1 6 1 4 1 7 1 2 1 1 6 22 10 This study
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Table 1.—Continued.

eh e.sh est et ib ish ist it h sh St /

Fixed

finger,

total

Movable

finger,

total Reference

Typhloroncus coralensis Adult 1 1 6 1 4 1 1 1 2 1 1 6 22 10 This study

Typhloroncus diaholus Adult 1 1 6 1 4 1 1 1 2 1 1 6 22 10(11) This study

Typhloroncus planodentatus Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 This study

Typhloroncus troglobius Adult 1 1 6 1 4 1 7 1 2 1 1 6 22 10 This study

Typhloroncus xilitlensis Adult 1 1 6 1 4 1 7 1 2 1 1 6 22 10 Muchmore ( 1986)

Xorilhia arhoricola Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 Mahnert (1984a)

Tritonymph 1 1 4 I 4 - 3 1 2 -
1 5 15 8 Mahnert (1984a)

Protonymph 1
- -

1
- -

1
- - - -

1 3 1 Mahnert (1979)

Xorilhia gracilis Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 Mahnert ( 1985b)

Tritonymph 1 1 4 1 4 - 3 1 2 -
1 5 15 8 Mahnert (1985b)

Protonymph 1
- -

1
- -

1
- - - -

1 3 1 Mahnert ( 1985b)

Xorilhia lainellifer Adult 1 1 6 1 5 1 6 1 2 1 1 6 22 10 Mahnert (1985b)

pattern of 20/10 (A. chilensis, A. mexicanus, Ideoroncus lenkoi, /.

pciranensis, 1. setosus, M. ignotiis, P. armasi, P. reddelli), 21/10 (/.

divisiis) or 22/10 {A. meracuhis), and those tritonymphs with a

pattern of 15/8 have adults with 20/10 {P. veracnizensis ), 21/10

(A. edentatiis) or 22/10 {A. conodentatus, A. parvidentatiis, A.

retrodentatus, Xorilhia arhoricola and X. gracilis).

Other significant differences between the various life stages

include the lack of a cheliceral galeal seta and the absence of a

posterior maxillary lyrifissure in all protonymphs.

Subterminal tarsal seta.—The paired subterminal tarsal

setae achieve several different morphologies in the Ideoronci-

dae. They are bifurcate or trifurcate in most species, but are

completely acuminate in Typhloroncus pkmodeiitatiis, T.

xilitlensis and species of Xorilhia. The greatest intra-generic

variation was found in Alhiorix, where it ranged from

trifurcate with all tines short and sub-equal in length (e.g.,

Figs. lOG, 15D), to trifurcate with long tines (Fig. 13E), to

trifurcate with one tine much longer than the others (Fig. 18E)

to bifurcate with long tines (Figs. 14F, 22E). The morphology
was found to be consistent on all legs of an individual, and was

constant between species and each post-embryonic stage.

Distribution.—The family Ideoroncidae occurs in east

Africa, Asia, and the Americas. Although mostly confined

to tropical biotypes, they also inhabit temperate habitats in

North and South America (Fig. 2). They have been mostly

found in leaf litter or on the underside of rocks, but some
species live within caves where they have developed into highly

modified troglobites with long appendages and no eyes

(Muchmore 1982b; Muchmore & Pape 1999).

The New World fauna is patchily distributed and most

genera are allopatric, with the only zone of overlap being

southern Mexico where species of Alhiorix coincide with

species of Typhloroncus and Pseiidalhiorix (Fig. 2). Alhiorix

occurs in southwestern USA and Mexico, as well as two

outlying species in Chile and Argentina (Fig. 2A). The
remaining South American fauna consists of Xorilhia in the

Amazon region, Malmertius in Colombia, and Ideoroncus in

southern Brazil and neighboring Paraguay (Fig. 2). The

remaining American ideoroncid genera are Muclunoreus,

which is restricted to the Yucatan Peninsula, Pseudalhiorix

in southern Mexico and adjacent countries, and Typhloroncus

with species from Mexico and the US Virgin Islands (Fig. 2).

Remarks.—Ideoroncidae is an easily recognized family,

which was suggested to be the sister-group to the family

Bochicidae by Harvey (1992). This result was not confirmed by

Harvey & Volschenk (2007) in an analysis of several exemplar

species of the seven families of Neobisioidea. Instead, they

found that Ideoroncidae was sister to all other Neobisioidea,

with the exception of the Bochicinae. Both results suggest that

the Ideoroncidae are a relatively basal clade of Neobisioidea.

KEY TO NEW WORLD GENERA OF IDEORONCIDAE
1. Arolium much longer than claws and without ventral hooked process (e.g.. Figs. 8A, 291) 2

Arolium shorter than claws or same length as claws and with ventral hooked process (e.g., Figs. 27F, 3 ID) 5

2. Arolium deeply divided (e.g.. Figs. 9D, 21G) Alhiorix

Arolium not divided (Fig. 291) 3

3. Condyle on external margin of chelal hand large and bifurcate Pseudalhiorix

Chelal hand with retrolateral condyle small and rounded 4

4. Sternites with median suture line; each spiracular plate with 1 seta Ideoroncus

Sternites without median suture line; each spiracular plate with 2 or 3 setae Muchmoreus

5. Distal teeth of fixed chelal finger raised into a short ridge (Fig. 28H) Malmertius

Distal teeth of fixed chelal finger not raised into a short ridge (Fig. 3 IE) 6

6. Arolium divided; anal operculum not abutting sternite X Xorilhia

Arolium not divided; anal operculum either closely abutting or adjacent to sternite X (Figs. 30A-C) Typhloroncus
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Figure 2.—Distribution of the genera of Ideoroncidae in the New
World: A. Albiorix, Muchmoreus and Xorilhicr, B. Ideoroncus,

Mahnertiiis, Pseiulalhiorix and Typhloroncus.

Albiorix Chamberlin 1930

Albiorix Chamberlin 1930:44; Beier 1932a:172; Hoff 1945:1;

Hoff 1956:25; Mahnert 1984a:671; Harvey 1991:316;

Harvey 2013:unpaginated.

Diuoroncm Beier 1931:305; Beier 1932a:171 (synonymized by

Mahnert 1984a:676).

Type species.

—

Albiorix: Ideoroncus niexicaniis Banks 1898,

by original designation Dinoroncus: Ideobisium (Ideoroncus)

chilense Ellingsen 1905, by original designation.

Diagnosis.—Species of Albiorix possess deeply divided

arolia (e.g.. Figs. 9D, 21G), a feature that is nearly unique

within the Ideoroncidae, and that elsewhere amongst pseudo-

scorpions is restricted to most species of Garypinidae. Species

of Xorilbia also have divided arolia, but unlike Albiorix, the

arolia are shorter than the claws and the arolium has a ventral

hook.

Description.

—

Adult: setae: long, straight and acicular.

Chelicera (Figs. 7A, 7B): hand usually with 6 setae,

occasionally with 5 or very rarely 7 setae; movable finger with

1 long subdistal seta; rallum of 4 thickened blades (Fig. 1C), all

blades serrate in some species, only the two distal blades serrate

in others; lamina exterior absent; galea long and slender.

Pedipalp: long and slender; patella with disto-prolateral

excavation; fixed chelal finger and hand with 20 or 22

trichobothria (very rarely 19 or 21), movable chelal finger

with 10 trichobothria (e.g.. Fig. 4): eb region with 1

trichobothrium; est region with 6 (5 in one specimen)

trichobothria; ib region with 4 or 5 trichobothria; ist region

with 5 or 6 trichobothria; b region with 2 trichobothria; sb and

St regions with 1 trichobothrium; and t region with 6

trichobothria; st not ventrally displaced. Venom apparatus

present in both chelal fingers, venom duct terminating in

nodus ramosus near est region in fixed finger and near / region

in movable finger; chelal teeth all closely spaced; base of fixed

chelal finger with several small denticles (Figs. 7D, 7F); chelal

hand with retrolateral condyle small and rounded (Fig. 7F).

Carapace: with 2 small, bulging eyes (e.g.. Figs. lOA, 15F),

or absent (Fig. 8 A); without furrows or with faint posterior

furrow near posterior margin; anterior margin with 4 or

occasionally 6 setae.

Coxal region (Fig. 6A): manducatory process with 2 long

distal setae; median maxillary lyrifissure present and sub-

basally situated.

Legs (Figs. 7F, 7G): femora I and II without basal swelling;

femora I and II with primary slit sensillum directed

transversely; femur I much longer than patella I; suture line

between femur IV and patella IV transverse; metatarsus

shorter than tarsus; metatarsal pseudotactile seta sub-proxi-

mal; legs with subterminal tarsal setae either bifurcate or

trifurcate; arolium longer than claws, deeply divided (e.g..

Figs. 9D, 21G), without ventral hooked protuberance; with-

out sub-ungual spine; claws slender and simple.

Abdomen: tergites and sternites undivided. Pleural mem-
brane longitudinally striate (Fig. 6F). Each stigmatic sclerite

with 1 seta (Fig. 6E); spiracles simple, with spiracular helix.

Anterior margin of anal operculum not abutting posterior

margin of sternite X (Fig. 7H).

Genitalia: male median genital sac bipartite (Fig. 6B);

female with large gonosac covered with scattered pores

(Fig. 6C); setae of anterior genital operculum (sternite II) of

female very small (Fig. 6D).

Tritonymph: Pedipalp: fixed finger with 14 or 15 trichobo-

thria, movable finger with 8 trichobothria (e.g.. Figs. 4C, lOE,

HE, 14E, 15B, 16E); eb, esb, it and et regions each with 1

trichobothrium; ib region with 3 trichobothria; ist region with

3 trichobothria; est region with 4 trichobothria; et slightly

distal to if, b region with 2 trichobothria; st region with 1

trichobothrium; t region with 5 trichobothria; isb and sb

absent.

Deutonymph: Pedipalp: fixed finger with 9 trichobothria,

movable finger with 6 trichobothria (e.g.. Figs. 4B, lOH, IIF);
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eh, ist, it and et regions each with 1 trichobothrium; ih region

with 2 trichobothria; est region with 3 trichobothria; et slightly

distal to it; h region with 2 trichobothria; t region with 4

trichobothria; esh, isb, sh and st absent.

Protonymph: Pedipalp: eb, et, ist and t regions each with 1

trichobothrium; others absent (Fig. 4A).

Remarks.—The genus Albiorix was erected by Chamberlin

(1930) for three species of ideoroncid pseudoscorpions from

Mexico and southwestern USA each possessing long, divided

arolia. The type species, Ideoronciis inexicanus Banks, was

recorded by Chamberlin (1930) as A. mexiccmus throughout

the western USA and Mexico, whereas A. parvidentatus

Chamberlin and A. edeutatus Chamberlin were restricted to

California. Several species have been subsequently added to

the genus from the New World (Hoff 1945, 1950; Beier 1963;

Muchmore 1982b; Muchmore & Pape 1999), but some have

since been removed to other genera. Albiorix reddelli

Muchmore 1982 and A. veracruzensis Hoff 1945 were

transferred to the new genus Pseudalhiorix by Harvey et al.

(2007), as they lack the long, divided arolia characteristic of

Albiorix, and have a bifid retrolateral chelal condyle that is

lacking in Albiorix. Although A. arhoricola Mahnert 1979, A.

gracilis Mahnert 1985 and A. lamellifer Mahnert 1985 from

Amazonian Brazil have divided arolia (Mahnert 1984a,

1985b), the arolium of these species is distinctly shorter than

the claws and possesses a small ventral hook (Harvey &
Mahnert 2006, Fig. 1; Mahnert 1984a, Fig. 41). This hook is

absent in the remaining species of Albiorix, but occurs in other

ideoroncids including Dlumiis siamensis (With 1906) and in

species of Negroronciis and Typhloronciis (Vachon 1958; M.S.

Harvey pers. obs.). These differences led Harvey & Mahnert

(2006) to transfer the three Brazilian Albiorix species to the

new genus Xorilhia.

The genus Dinoroncus was established by Beier (1931) for

Ideohisiiim (Ideoronciis) chilense Ellingsen 1905, which was

described from a single specimen from Santiago, Chile

(Ellingsen 1905). New records of this species were reported

by Feio (1945) from La Rioja Province in northwestern

Argentina, and Hoff (1950) added a second species to the

genus, D. argentiniensis Hoff 1950, from La Sebila, also in La
Rioja Province, Argentina. Hoff (1950) also suggested that the

Argentinian records of D. eliilensis were most likely misiden-

tified specimens of D. argentiniensis. Although Mahnert

(1984a) was unable to examine any specimens of /. chilense,

his study of D. argentiniensis led him to believe that the genus

Dinoroncus should be regarded as a synonym of the genus

Albiorix, as the latter species possessed the deeply divided

arolium characteristic of that genus. Our study of the holotype

of /. chilense and other specimens attributed to that species has

revealed that they indeed have long, divided arolia (Fig. 9D),

and the synonymy of Dinoroncus with Albiorix is confirmed.

Etymology.—Chamberlin (1930) did not provide an ety-

mology for the genus Albiorix, but Harvey et al. (2007)

assumed it was named for the Celtic god Albiorix. Chamberlin

(1930) also did not specifically nominate a gender for Albiorix,

but the three species originally included were treated as

masculine (A. inexicanus, A. edentatus and A. parvidentatus),

and subsequent authors have since added obviously masculine

names (Hoff 1945; Muchmore & Pape 1999), confirming that

the genus name is masculine.

KEY TO SPECIES OE ALBIORIX

1. One pair of eyes present (e.g.. Figs. 17A, 23A) 2

Eyes completely absent (Fig. 8A) A. anophlhalinus

2. Chelicera with 5 setae (Fig. 7B); anterior margin of carapace with 6 setae (Fig. 9B); trichobothrium ib region of chelal hand with 4

trichobothria (Figs. 5B, 9E); trichobothrium t region overlapping with est region (Figs. 5B, 9E) A. chilensis

Chelicera with 6 setae (Fig. 7A); anterior margin of carapace with 4 setae (Figs. 13A, 18A); trichobothrium ib region of chelal

hand with 5 trichobothria (Figs. 5F, 5G, 5K); trichobothrium t region distal to e.st region (Figs. 5F, 5G, 5K, 13C, 14C, 15C) .... 3

3. Chelal hand completely smooth (Fig. 17B) A. mirabilis

Chelal hand with prolateral and, usually, retrolateral margins granulate, sometimes weakly so (e.g.. Figs. 13B, 19B, 23B) . . 4

4. Subterminal tarsal seta bifurcate (Figs. 14F, 22E) 5

Subterminal tarsal seta trifurcate (e.g.. Figs. 13E, 19F, 21G) 6

5. Subterminai tarsal seta with each tine very long (Fig. 14F) A. ineraculus

Subterminal tarsal setae with each tine short (Fig. 22E) 4. rosario

6. Subterminal tarsal seta with 1 very long distal tine and 2 short basal tines (Fig. 18E) A. oaxaca

Subterminal tarsal seta with each tine short and of similar length (e.g.. Figs. 13E, 19F, 21G) 7

7. Larger species, e.g., chela (with pedicel) greater than 1.9 mm in length A. niagnus

Smaller species, e.g., chela (with pedicel) less than 1.9 mm in length 8

8. Chelal teeth of the fixed finger very closely spaced (Figs. 13C, 13D); trichobothrium c.s'D situated basally, overlapping with ist

group (Figs. 5C, 9C) A. conodentutus

Chelal teeth of the fixed finger not so closely spaced (e.g.. Figs. 1 ID, 19D, 2 ID); trichobothrium c.vD situated distally, never

overlapping with ist group (e.g.. Figs. I9C, 21C, 23C) 9

9. Teeth of fixed chelal finger very low, much longer than high (Fig. IID) A. edentatus

Teeth of fixed chelal finger higher than long (e.g.. Figs. 15C, 21 D) 10

10. Tips of the teeth of the fixed chelal finger sharply pointed (Fig. 15C) A. inexicanus

Tips of the teeth of the fixed chelal finger slightly rounded (e.g.. Figs. 12D, 2 ID) 11

1 1. Median teeth of fixed chelal finger with noticeably sinuate distal face (Figs. 20D, 21 D) 12

Median teeth of fixed chela! finger with straight or slightly sinuate distal face (e.g.. Figs. 16D, I9D) 13

12. Larger species, e.g. chela (with pedicel) greater than 1.2 (male) mm in length; trichobothrium ist/ slightly dorso-distal to ist_^

(Fig. 21C) A. retrodentatus
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Smaller species, e.g., chela (with pedicel) less than 1.0 (male) mm in length; trichobothrium isti directly dorsal to ist^ (Fig. 20C)

A. puehJa

13. Trichobothrium ihs distally displaced, situated far distal oi eb, esb and isb (Figs. 12C, 23C, 24B) 14

Trichobothrium //),- not distally displaced, situated about on same level as eh, esb and isb (Figs. 16C, 19C) 16

14. Fixed chelal finger and hand with 22 trichobothria, with isti present (Figs. 12B, 12C) A. gertschi

Fixed chelal finger and hand with 20 or 21 trichobothria, with isti absent (Figs. 23B, 23C, 24A, 24B) 15

15. Fixed chelal finger and hand with 20 trichobothria, ist region with 4 trichobothria (Fig. 24B) A. vigintus

Fixed chelal finger and hand with 21 trichobothria, ist region with 5 trichobothria (Fig. 23C) A. sarabae

16. Larger species, e.g., chela (without pedicel) 1.67 (female) mm in length A. argentiniensis

Smaller species, e.g. chela (without pedicel) less than 1.5 (female) mm in length 17

17. Teeth of fixed chelal finger only slightly longer than high (Fig. 16D) A. minor

Teeth of fixed chelal finger noticeably longer than high (Fig. 19D) A. parvidentatus

Albiorix aiiophthahtuis Muchmore 1999

Figs. 3B, 5A, 8

Albiorix auophthalnms Muchmore, in Muchmore and Pape

1999:138-141, Figs, la-c, 2, 4; Harvey 2013:unpaginated.

Types examined.

—

USA: Arizona: Holotype male, Arken-

stone Cave, Colossal Cave Mountain Park, Pima County

(32°04'N, 110°38'W), 9 September 1990, R.B. Pape (FSCA,

WM7541.01001 ). Paratypes: USA: Arizona: 1 female (allo-

type), same data as holotype, except 22 March 1992 (FSCA,

WM7807.01001 ); 1 male, same data as holotype, except 11

August 1990 (FSCA, WM7540.01001 ); 1 deutonymph, same

data as holotype, except 9 June 1991 (FSCA, WM7707.
01001 ).
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Figure 4.—Left chela (or a mirror image of the right chela), post-embryonic trichobothrial patterns of Albiorix chilensis (Ellingsen), specimens

from 1 km E. of Maitencillo (UCDC), unless stated otherwise: A. Protonymph; B. Deutonymph; C. Tritonymph (UCDC, Jardin Botanico

Nacional); D. Adult male.

Other material examined.—USA: Arizona: 1 female, Colos-

sal Cave, Pima County (32°04'N, 110°38'W), no date, J.

Cowles (WAM T9 1621).

Diagnosis.—This highly troglomorphic species is the only

known species of Albiorix that lacks eyes (Fig. 8A).

Description.

—

Adult: See Muchmore & Pape (1999), except

as follows: Pedipalp: fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria

(Figs. 5A, 8C): eb, esb and isb in straight row at base of finger;

eh, esb, isb, it and et regions each with 1 trichobothrium; ib

region with 5 trichobothria; ist region with 6 trichobothria; est

region with 6 trichobothria; et slightly distal to if, b region

with 2 trichobothria; sh and st regions each with 1

trichobothrium; t region with 6 trichobothria; sh not dorsally

displaced relative to sf, t region not overlapping with est

region; base of fixed chelal finger with several small denticles.

Deutonymph: Chelicera: galea long, slightly curved; hand
with 5 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.15, femur 5.29, patella 3.57, chela

(with pedicel) 4.97, chela (without pedicel) 4.73 X longer than

broad. Fixed finger with 9 trichobothria, movable finger with 6

trichobothria (Fig. 8E); eh, ist, it and et regions each with 1

trichobothrium; ih region with 2 trichobothria; est region with 3

trichobothria; et slightly distal to if, h region with 2 trichobo-

thria; t region with 4 trichobothria; esb, isb, sh and st absent.

Chelal hand with retrolateral condyle small and rounded.

Carapace: anterior margin medially prominent; eyes absent;

with 4 setae on anterior margin and 2 setae on posterior

margin.

Coxal region: posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adult.

Dimensions (mm): Body length ca. 1.87. Pedipalp: trochan-

ter 0.237/0.110, femur 0.608/0.115, patella 0.446/0.125, chela

(with pedicel) 1.004/0.202, chela (without pedicel) 0.955, hand

(without pedicel) length 0.352, movable finger length 0.590.

Carapace 0.557/? (distorted).

Remarks.—Albiorix anophthalnius is a highly modified blind

troglobite known only from caves within the Colossal Cave

Mountain Park in southern Arizona (Fig. 3B). Muchmore &
Pape (1999) summarized numerous records within Arkenstone

Cave where individuals were found on the underside of broken

calcite pieces and limestone rocks on the floor of the cave.

We have reexamined the four type specimens collected in

Arkenstone Cave used to compile the original description

(Muchmore & Pape 1999), as well as an additional female

collected in nearby Colossal Cave. Although the original

description tentatively identified 20 trichobothria on the fixed

chelal finger and hand (Muchmore & Pape 1999), we can now
detect 22 trichobothria (Figs. 5A, 8C).

Albiorix argentiniensis (Hoff 1950)

Fig. 3D

Dinoroncus chilensis (Ellingsen): Feio 1945:4 (misidentification).

Dinoroncus argentiniensis Hoff 1950:229-232, Figs. 7-9.

Albiorix argentiniensis (Hoff): Mahnert 1984a:675-676, Fig.

44; Harvey 1991:316; Ceballos & Ferradas 2008:109-110;

Mahnert et al. 2011:9-10; Harvey 2013:unpaginated.

Material examined.—None. The holotype was originally

lodged in the J.A. Rosas Costas collection, but subsequently

destroyed by Rosas Costas himself (Mahnert et al. 2011).

Diagnosis.

—

Albiorix argentiniensis is a moderately large

species [e.g. chela (without pedicel 1.67 (female) mm in length].

It differs from A. chilensis, the only other South American species

of Albiorix, by the trichobothrium t region not overlapping with

the est region.

Description.—See Hoff (1950) and Mahnert (1984a).

Remarks.—We have not examined any specimens of this

species, which has only been recorded from La Rioja Province

in northwestern Argentina, including the type locality La

Sebila (Hoff 1950), Bazan (incorrectly spelled ‘Balzan’ by
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Figure 5.- -Trichobothrial patterns of Alhiorix species, taken from left chela (or a mirror image of the right chela). Not shown are A.

argeittiiiieiisis (Hoff) (not studied) and A. rosario Harvey & Muchmore sp. nov. (sole specimen has the chela mounted laterally).
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Eigure 6.

—

Alhiorix spp.; A. Coxal region, ventral [A. mexicamis (Banks), female neotype]; B. Male genitalia, ventral (A. parviclentatiis

Chamberlin, CAS, JC-1371.01001, male); C. Gonosac {A. parviclentatiis, CAS, JC-375.02001, female); D. Sternites II and III {A. parviclentatiis,

CAS, JC-375.0200I, female); E. Spiracular region, ventral {A. parvidentatus, CAS, JC-1371.01001, male); F. Pleural membrane {A.

parviclentatiis, CAS, JC-1371.01001, male). Abbreviations; Igs, lateral genital sac; mgs, median genital sac; mml, median maxillary lyrifissiire;

pml, posterior maxillary lyrifissure. Scale lines = 0.5 mm (A); 0.2 mm (C, D); 0.1 mm (B, E, F).

Feio) and Oita (Feio 1945) (Fig. 3D). The long and deeply

divided arolium (Mahnert 1984a) confirms that this species is

correctly placed in Alhiorix.

Alhiorix chilensis (Ellingsen 1905)

Figs. 3D, 4, 5B, 7B, 9

Icleobisium ( Ideoroncus) c/t/7cn.ye Ellingsen 1905;326-327.

Dinoroncus chilemis (Ellingsen): Beier 1931:305 [as Dinoroncm
chilense [sic)]; Beier 1932a: 172, Fig. 202; Roewer 1937:257;

Beier 1964:324-325; Cekalovic 1984:13.

Alhiorix chilensis (Ellingsen): Mahnert 1984a:676; Harvey

1991:316-317; Harvey 2013:unpaginated.

Not Dinoroncm chilensis (Ellingsen): Feio 1945:4 (misidenti-

fication; see Alhiorix argentiniensis (Hoff)).

Material examined.

—

Holotype. CHILE: Region Melropoli-

tancr. female, Santiago (33°27'S, 70°40'W), 10 April 1899, F.

Silvestri (MZUN).
Other material. CHILE: Valparaiso-. 1 male, 1 female, 1

deutonymph, 1 protonymph, 1 km E. of Maitencillo

(“Marteneillo” on labels) (32°39'S, 71°26'W), 16 March
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Figure 7.—Alhiorix spp.; A. Left chelicera, dorsal [A. mexicumis (Banks), female neotype]; B. Left chelicera, dorsal [A. chilensis (Ellingsen),

male]; C. Rallum (A. niexicaniis, female neotype); D. Fixed chelal finger, showing denticles, ventral (A. mexiccmus, female neotype); E. Chelal

fingers, showing denticles, lateral (A. parviclenlaliis, male holotype); F. Left leg I {A. parvicleiuatus, male holotype); G. Right leg IV (A.

parviclenlaltis, male holotype); H. Sternite XI (A. parvicloilatus, CAS, JC-375.02()01, female). Scale lines = 0.25 mm (B); 0.2 mm (A, F, G, H);

0.1 mm (C. D, E).
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Figure 8 .—Albiorix cmophthalmm Muchmore, male holotype (FSCA, WM7541 .01001) unless stated otherwise: A. Carapace, dorsal; B. Tip of

left tarsus IV, lateral; C. Left chela, lateral; D. Detail of fixed chelal finger; E. Left chela, setae omitted, dorsal, deutonymph paratype (FSCA,
WM7707.01001). Scale lines = 0.5 mm (A, C, E); 0.1 mm (B, D).

1961, L.M. Smith (UCDC); 6 males, 5 tritonymphs, 5

deutonymphs, 1 protonymph, Jardin Botanico Nacional,, Vina

del Mar (33°00'S, VTSl'W), 16 May 1961, L.M. Smith

(UCDC); 1 male, 1 tritonymph, 1 deutonymph, same data

(WAM T1 30757).

Diagnosis .—Albiorix chilensis is one of the largest species of

the genus, with a chela (without pedicel) length of greater than

1.6 mm. It differs from similarly sized species by the presence

of only 20 trichobothria on the fixed chelal finger and hand
(Figs. 5B, 9E, 9F), having only 5 setae on the cheliceral hand
(Fig. 7B), having 6 setae on the anterior margin of the

carapace (Fig. 9B), and the trichobothrium t region overlap-

ping with the est region (Figs. 5B, 9E, 9F).

Description.

—

Adult: Color: pedipalps and carapace deep

red-brown; chelicerae and legs yellow-brown; tergites and

sternites pale yellow-brown.

Setae: generally long, straight and acicular.

Cheiicera (Fig. 7B): hand with 5 setae; movable finger with

1 subdistal seta; galea very slender and elongate; fixed finger

with 9 (male), 10 (female) small teeth; movable finger with 5

(male), 6 (female) teeth; rallum of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 9A): trochanter with scattered granulations,

femur and patella lightly granulate on prolateral margin,

chelal hand lightly granulate on prolateral surface at base of

fingers; trochanter 1.85-2.20 (male), 2.23-2.41 (female), femur
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Figure 9 .—Albiorix chilensis (Ellingsen), specimens from 1 km E. of Maitencillo (UCDC), unless stated otherwise: A. Left pedipalp, dorsal,

male; B. Carapace, dorsal; C. Tip of left tarsus IV, lateral, male; D. Tip of left tarsus IV, dorsal, male; E. Right chela, lateral, female; F. Right

chela, lateral, holotype female. Scale lines = 1.0 mm (A); 0.5 mm (B, E, F); 0.1 mm (C, D).

4.15-4.35 (male), 4.17^.55 (female), patella 2.98-3.39 (male),

3.02-3.55 (female), chela (with pedicel) 3.48-3.76 (male), 3.40-

3.62 (female), chela (without pedicel) 3.30-3.60 (male), 3.22-

3.45 (female), hand (without pedicel) 1.35-1.47 (male), 1.30-

1.49 (female) x longer than broad, movable finger 1.49-1.53

(male), 1.40-1.56 (female) x longer than hand (without

pedicel). Fixed chelal finger and hand with 20 trichobothria,

movable chelal finger with 10 trichobothria (Figs. 4D, 5B,

9E, 9F): eb, esb and isb in straight row at base of finger; eb,

esb, isb, it and et regions each with 1 trichobothrium; ib region

with 4 trichobothria; ist region with 5 trichobothria; est region

with 6 trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t

region with 6 trichobothria; sb not dorsally displaced relative

to St; t region overlapping with est region. Venom apparatus

present in both chelal fingers, venom duct terminating in

nodus ramosus basal to est region in fixed finger and basal

to t region in movable finger. Chelal hand with retrolateral

condyle small and rounded. Chelal teeth evenly spaced and

juxtadentate: fixed finger with 54 (male), 50 (female) low,

retrorse teeth; movable finger with 40 (male), 41 (female)

low teeth; base of fixed chelal finger with several small

denticles.

Carapace (Fig. 9B): lateral margins evenly convex; 1.25-

1.35 (male) 1.32 (female) x longer than broad; with 2 small

bulging eyes; with 26 (male), 28 (female) setae including 6 setae

on anterior margin and 4 on posterior margin; with very faint

posterior furrow situated close to posterior margin.
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Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7: 6: 8: 6: 7

(male); 2 + 7: 6: 9: 7: 7 (female).

Legs: femur + patella 2.43 (male), 2.57 (female) x longer

than deep; subterminal tarsal setae deeply bifurcate; arolium

longer than claws, deeply divided (Figs. 9C, 9D).

Abdomen: tergites and sternites not divided; sclerites

uniseriate. Tergal chaetotaxy: male (1 km E. of Maitencillo),

4: 6: 8: 7: 9: 8: 8: 8: 10: 8 (including 4 tactile setae): 8 (including

4 tactile setae): 2; female (1 km E. of Maitencillo), 4: 6: 8: 8: 9:

10: 10: 10: 8: 8 (including 4 tactile setae): 8 (including 4 tactile

setae): 2. Sternal chaetotaxy: male (1 km E. of Maitencillo),

15: (1) 16 [3 + 3] (1): (1) 10 (1): 11: 11: 11: 11: 12: 8: 14

(including 4 tactile setae): 2; female (1 km E. of Maitencillo),

10: (1) 6 (1): (1) 8 (1): 12: 10; 10: 11: 10: 11: 12 (including 4

tactile setae): 2; setae of anterior genital operculum (sternite

II) of female very small. Setae of tergites and sternites IX-XI
acuminate; with several tactile setae.

Genitalia: male with large dorsal apodeme; median genital

sac deeply bipartite; female with large gonosac, which is

covered with scattered pores.

Dimensions (mm): Males: male from 1 km E. of Maitencillo

followed by other males (where applicable): Body length 3.14

(3.30-3.39). Pedipalp: trochanter 0.538/0.244 (0.458-0.507/

0.247-0.251), femur 1.181/0.283 (1.058-1.133/2.50-2.67), patel-

la 1.040/0.347 (0.910-0.957/0.282-0.288), chela (with pedicel)

2.096/0.603 (1.840-1.955/0.494-0.520), chela (without pedicel)

1 .992 ( 1 .747-1 .845), hand (vAthout pedicel) length 0.816 (0.688-

0.736), movable finger length 1.219 (1.056-1.12). Chelicera

0.531/0.264. Carapace 0.994/0.928 (but flattened) (0.939-0.973/

0.720-0.760); eye diameter 0.051. Leg I: femur 0.558/0.147,

patella 0.288/0.139, tibia 0.438/0.096, metatarsus 0.275/0.077,

tarsus 0.307/0.055. Leg IV: femur + patella 0.948/0.390, tibia

0.686/0.179, metatarsus 0.352/0.117, tarsus 0.482/0.073.

Females: holotype followed by other female (where

applicable): Body length 4.37. Pedipalp: trochanter 0.635/

0.264 (0.638/0.286), femur 1.341/0.295 (1.309/0.314), patella

1.200/0.338 (1.120/0.371), chela (with pedicel) 2.275/0.629

(2.344/0.690), chela (without pedicel) 2.172 (2.224), hand
(without pedicel) length 0.936 (0.896), movable finger length

1.312 (1.400). Chelicera 0.631/0.310. Carapace 1.182/0.898

(1.043/1.117, flattened); eye diameter 0.058. Leg I: femur ?

(0.605/0.146), patella ? (0.320/0.144), tibia ? (0.498/0.103),

metatarsus ? (0.291/0.084), tarsus ? (0.357/0.060). Leg IV;

femur + patella ? (1.050/0.406), tibia ? (0.728/0.189), metatar-

sus ? (0.402/0.129), tarsus ? (0.518/0.081).

Tritonymph: Chelicera: galea long, slightly curved; hand
with 5 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.14, femur 4.11, patella 3.07, chela

(with pedicel) 3.76, chela (without pedicel) 3.56 X longer than

broad. Fixed finger with 14 trichobothria, movable finger with 8

trichobothria (Fig. 4C); eb, esb, it and el regions each with 1

trichobothrium; ib region with 3 trichobothria; ist region with 3

trichobothria; est region with 4 trichobothria; et slightly distal to

it; b region with 2 trichobothria; st region with 1 trichobothrium;

t region with 5 trichobothria; isb and sb absent. Chelal hand with

retrolateral condyle small and rounded.

Carapace: 1 pair of small eyes present; with 24 setae, including

6 setae on anterior margin and 4 setae on posterior margin.

Coxal region; posterior maxillary lyrifissure present, sub-basal.

Legs: much as in adults.

Dimensions (mm): Body length 3.12. Pedipalp: trochanter

0.424/0.198, femur 0.880/0.214, patella 0.728/0.237, chela (with

pedicel) 1.544/0.411, chela (without pedicel) 1.464, hand

(without pedicel) length 0.568, movable finger length 0.928.

Carapace 0.872/0.662.

Deutonymph: Chelicera: galea long, slightly curved; hand

with 5 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 1.84, femur 3.27, patella 2.59, chela

(with pedicel) 3.56, chela (without pedicel) 3.42 X longer than

broad. Fixed finger with 9 trichobothria, movable finger with

6 trichobothria (Fig. 4B); eb, it and et regions each with 1

trichobothrium; ib region with 2 trichobothria; ist region with

2 trichobothria; est region with 2 trichobothria; et slightly

distal to it; b region with 2 trichobothria; t region with 4

trichobothria. Chelal hand with retrolateral condyle small and

rounded.

Carapace: 1 pair of small eyes present; with 20 setae

including 6 setae on anterior margin and 4 setae on posterior

margin.

Coxal region: posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adult.

Dimensions (mm): Body length 2.26. Pedipalp: trochanter

0.320/0.174, femur 0.609/0.186, patella 0.557/0.215, chela (with

pedicel) 1.229/0.345, chela (without pedicel) 1.181, hand
(without pedicel) length 0.429, movable finger length 0.750.

Carapace 0.634/width not determined.

Protonymph: Chelicera; galea long, nearly straight; hand
with 4 setae, movable finger without seta; rallum composed of

4 blades, all serrate.

Pedipalp: trochanter 2.14, femur 3.95, patella 2.93, chela

(with pedicel) 3.93, chela (without pedicel) 3.80 X longer than

broad. Fixed finger with 3 trichobothria, movable finger with

1 trichobothrium (Fig. 4A); eb, et, ist and t present. Chelal

hand with retrolateral condyle small and rounded.

Carapace: 1 pair of small eyes present; with 14 setae

including 4 setae on anterior margin and 2 setae on posterior

margin.

Coxal region: posterior maxillary lyrifissure absent.

Legs: much as in adults.

Dimensions (mm): Body length 1.376. Pedipalp: trochanter

0.218/0.102, femur 0.435/0.1 10, patella 0.358/0.122, chela (with

pedicel) 0.830/0.211, chela (without pedicel) 0.802, hand
(without pedicel) length 0.266, movable finger length 0.531.

Carapace 0.486/width not determined.

Kemarks.—The holotype of Ideobisium chilense has been

found to be lodged in MZUN and was examined for this

study. The specimen is an adult female stored in ethanol and in

good condition. The new specimens of A. chilensis reported

here were collected some 100 km from the type locality of

Santiago (Fig. 3D) and are generally in accord with the

holotype. Mahnert (1984a) reported a specimen of Albiorix

from Quebrada de la Plata, Santiago de Chile (33°30'S,

79°55'W), which is located only 25 km from the type locality,

that was thought to represent a new species of Albiorix. Dr.

Mahnert (in litt., June 2013) now confirms that the specimen is

more likely to be a specimen of A. chilensis.
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Figure 10.

—

Albiori.x conodentatus Hoff, male holotype, unless stated otherwise: A. Carapace, dorsal; B. Right pedipalp, dorsal; C. Left chela,

lateral; D. Detail of fixed chelal finger; E. Left chela, lateral, tritonymph (FSCA, WM4776.01006); F. Left chela, lateral, deutonymph (FSCA,

WM4776.01007); G. Tip of right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (B); 0.25 mm (A, C, E, F); 0.1 mm (D, G).

Albiorix conodentatus Hoff 1945

Figs. 3C, 10

Albiorix conodentatus Hoff 1945:8-10, Figs. 17-20; Harvey

1991:317; Ceballos 2004:427; Harvey 2013:unpaginated.

Albiorix retrodentatus Hoff: Hoff 1956:25-26 (misidentification).

Material examined.

—

Holotype. Mexico: Cocdndla de Zar-

agoza-. male, 5 miles W. of Saltillo (25°25'N, lOUOS'W), 5 July

1936 [L.I.] Davis (AMNH, Hoff slide S-1 16.5204).

Other material. Mexico: Chihuahua: 1 female, Salaices

(27°02'N, 105°13'W), 25 February 1966, J. Reddell, W. Bell

(FSCA, WM902.01001 ); Coahuila de Zaragoza: 1 female,

Cuatro Cienegas (Minkley’s Camp), Two Cave Canyon, 400 m
E. of tip. Sierra San Marcos (26°59'N, 102°05'W), II August

1970, roof of small rock shelter, J.J. Landye (FSCA,

WM7467.01001 ); Nuevo Leon: 1 female, near Gruta del

Palmito, 7 km SSW. of Bustamante (26°30'N, 100°32'W),

no date, Reddell (FSCA, WM974.01001 ); Sonora: 3 males, 3

females, San Miguel de Horcasitas (29°17'N, 110°52'W), no

date, Eisen (MCZ, WM4535.01001-6); Tamaulipas: 1 female,

10 miles S. of Reynosa (25°55'N, 98°18'W), 6 November 1951,

Creighton (AMNH, Hoff slide S-1 967). USA: New Mexico: 1

male, Eddy County, ca. 14 km NE. of Loving (32°21'N,

103°58'W), 6 September 1991, under rock, dry soil, G. Lowe,
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B. Hebert (WAM T 127027); 1 male, Eddy County, Whites

City (32°irN, 104°23'W), 24 September 1950, W.J. Gertsch

(AMNH, Hoff slide S-1582); 1 male, 1 female, Eddy County,

Whites City, boundary Carlsbad Caverns National Park

(32°irN, 104°23'W), 6 September 1991, under rocks, G.

Lowe (WAM T 127028); Texas: 5 males, 2 females, 1

tritonymph, 1 deutonymph, Brewster County, Bullis Gap
Range, Honeymoon (29°50'N, 102°37'W), 14 May 1977, C.

Solieau (ESCA, WM4776.01001-9); 6 males, 5 females,

Brewster County, Bullis Gap Range, ridge top (29°50'N,

102°37'W), 16 May 1977, C. Soileau (WAM Ti27030); 2

males, Brewster County, Chisos Mountains, Basin (29°16'N,

103°18'W), 28 May 1952, Cazier, Gertsch and Schrammel

(AMNH, Hoff slide S-1961.1-2); 1 male, Brewster County,

Chisos Mountains, Big Bend National Park (29°16'N,

103°18'W), 28 September 1950, W.J. Gertsch (AMNH, Hoff

slide S-1 580.2); 1 female, Brewster County, Hot Springs, Big

Bend National Park (29°1 1'N, 103°00'W), 1 1 September 1950,

W.J. Gertsch (AMNH, Hoff slide S-1589.1); 1 female,

Hidalgo County, S. of Pharr (26°12'N, 98°irW), 28 March

1936, S. Mulaik (AMNH, Hoff slide S-21 1); 1 male, 1 female,

Jeff Davis County, Limpia Canyon, Fort Davis (30°47'N,

103°45'W), 27 March 1956, stream bed with ants, E.V. Gregg

(AMNH, Hoff slide S-2740.1-2); 1 male, 1 female, Pecos

County, 30 miles N. of Sanderson (30°34'N, 102°24'W), 3,450

feet, 5 September 1991, under rocks on slope, G. Lowe, B.

Hebert (WAM T1 27029); 1 male, Terrell County, Sanderson

(30°08'N, 102°24'W), 26 May 1952, Cazier, Gertsch and

Schrammel (AMNH, Hoff slide S-1 964); 7 males, 7 females,

Upton County, 7 miles NE. of Crane, McElroy Ranch

(31°29'N, 102°18'W), 20 June 1986, D. Sissom, M. Hulsey

(ESCA, WM7601); 2 males, 2 females, Val Verde County, 3

miles N. of Langtry (29°51'N, 101°33'W), 3 November 1984,

J. Reddell, M. Reyes (ESCA, WM6769); 4 males, 2 females,

Val Verde County, rim of Pecos River Canyon, 3 miles from

mouth (29°44'N, 101°2rW), 25 June 1947, C.L. Remington

(PMNH, WM3326.01001-6); 3 males, 1 female, 1 deuto=

nymph, Val Verde County, Seminole Canyon State Park

(29°41'N, 10ri9'W), 4 November 1984, J. Reddell (ESCA,

WM6768); 1 female, Val Verde County, Shumla (29°47'N,

101°24'W), 26 May 1952, Cazier, Gertsch and Schrammel

(AMNH, Hoff slide S-1960.1).

Diagnosis .—Alhiorix conodentatus differs from other species

of the genus by the small, tightly spaced chelal teeth of the

fixed chelal finger (Fig. lOD), and the position of trichobo-

thrium est4 which is situated basally, where it overlaps with the

ist group.

Description.

—

Adult: Color: pedipalps, carapace and coxal

region red-brown; abdomen pale red-brown; chelicerae and

legs light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae, very occasionally 5 or 7 setae;

movable finger with 1 subdistal seta; galea very slender and

elongate; fixed finger with 4 (male), 4 (female) small teeth;

movable finger with 3 (male), 6 (female) teeth; rallum of 4

blades, each with several serrations; lamina exterior absent.

Pedipalp (Fig. lOB): trochanter with scattered granulations

on most faces, femur granulate on prolateral and basal region

of retrolateral margins, patella finely granulate on prolateral

margin, chelal hand very sparsely granulate on prolateral

margin at base of fingers; trochanter 2.26-2.54 (male), 2.11-

2.47 (female), femur 3.59-4.11 (male), 3.52-4.05 (female),

patella 2.60-3.00 (male), 2.41-2.90 (female), chela (with

pedicel) 3.29-3.59 (male), 2.92-3.54 (female), chela (without

pedicel) 3.14-3.36 (male), 2.81-3.31 (female), hand (without

pedicel) 1.35-1.55 (male), 1.31-1.85 (female) x longer than

broad, movable finger 1.18-1.40 (male), 1.16-1.37 (female) x

longer than hand (without pedicel). Fixed chelal finger and

hand with 22 trichobothria, movable chelal finger with 10

trichobothria (Figs. 5C, IOC): eh, esh and ish in straight row at

base of finger; eh, esh, ish, it and et regions each with 1

trichobothrium; ih region with 5 trichobothria; ist region with

6 trichobothria; est region with 6 trichobothria, est4 situated

basally, overlapping with ist group; et slightly distal to if, h

region with 2 trichobothria; sh and st regions each with 1

trichobothrium; / region with 6 trichobothria; sh not dorsally

displaced relative to sf, t region not overlapping with est

region. Venom apparatus present in both chelal fingers,

venom duct terminating in nodus ramosus basal to est region

in fixed finger and basal to / region in movable finger. Chelal

hand with retrolateral condyle small and rounded. Chelal

teeth closely spaced: fixed finger with 44—57 (male), 45-55

(female) closely spaced, triangular retrorse teeth (Fig. lOD);

movable finger with several obvious teeth, followed by a series

of indistinct very low teeth; base of fixed chelal finger with

several small denticles.

Carapace (Fig. lOA): lateral margins evenly convex; 1.16-

1.40 (male), 1.12-1.39 (female), x longer than broad; with 2

small bulging eyes; anterior margin medially prominent; with

21-24 (male), 20-24 (female) setae, including 4 (3 in 1 male) on

anterior margin and 4 (very rarely 5 or 6) on posterior margin;

with very faint posterior furrow situated close to posterior

margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 8: 5: 5: 6: 6 (d); 2

-I- 7: 5: 6: 6: 6 (female).

Legs: femur + patella 2.34—2.73 (male), 2.53-2.77 (female)

x longer than deep; subterminal tarsal setae trifurcate

(Fig. lOG); arolium longer than claws, deeply divided.

Abdomen: tergites not divided, medial sternites without

medial suture line; sclerites uniseriate. Tergal chaetotaxy:

male, 4: 5: 6: 8: 8: 8: 8: 8: 8: 7 (including 4 tactile setae): 5

(including 3 tactile setae): 2; female, 4: 5: 8: 8: 7: 8: 8: 8: 8: 7: 5

(including 2 tactile setae): 2. Sternal chaetotaxy: male, 9: ( 1 ) 13

[3 + 3] (1): (1) 7 (1): 10: 11: 11: 11: 11: 9: 9 (including 4 tactile

setae): 2; female, 6: ( 1 ) 8 ( 1 ): ( 1 ) 7 ( 1 ): 10: 11: 10: 10: 11: 11:8

(including 4 tactile setae): 2; setae of anterior genital

operculum (sternite II) of female very small. Setae of tergites

and sternites IX-Xl acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac deeply bipartite; female with large gonosac which is

covered with scattered pores.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length 2.33 (2.26-2.74). Pedipalp:

trochanter ? (damaged )/0. 142 (0.323-0.392/0.133-0.170), fe-

mur 0.686/0.173 (0.672-0.815/0.174-0.216), patella 0.555/0.201

(0.561-0.665/0.186-0.235), chela (with pedicel) 1.188/0.344

(1.156-1.344/0.321-0.395), chela (without pedicel) 1.116

(1.090-1.265), hand (without pedicel) length 0.477 (0.477-

0.585), movable finger length 0.646 (0.608-0.720). Chelicera
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0.293/0.149; movable finger length 0.149. Carapace 0.672/

0.512 (0.632-0.815/0.494-0.656); eye diameter 0.038. Leg I:

femur 0.321/0.091, patella 0.180/0.089, tibia 0.239/0.064,

metatarsus 0.149/0.051, tarsus 0.245/0.042. Leg IV: femur +
patella 0.557/0.238 (0.525-0.627/0.198-0.250), tibia 0.392/

0.097, metatarsus 0.206/0.071, tarsus 0.300/0.034.

Females: specimen from Gruta del Palmito (FSCA,
WM974.01001) followed by other females (where applicable):

Body length 2.85 (2.63^.32). Pedipalp: trochanter 0.378/0.160

(0.339-0.467/0.150-0.189), femur 0.800/0.198 (0.682-0.980/

0.182-0.248), patella 0.614/0.213 (0.557-0.765/0.202-0.267),

chela (with pedicel) 1.402/0.410 (1.179-1.608/0.361-0.475),

chela (without pedicel) 1.312 (1.102-1.507), hand (without

pedicel) length 0.570 (0.483-0.667), movable finger length

0.736 (0.642-0.864). Chelicera 0.358/0.169. Carapace 0.714/

0.585 (but somewhat flattened) (0.627-0.896/0.518-0.720); eye

diameter 0.046. Leg I: femur 0.365/0.105, patella 0.186/0.097,

tibia 0.276/0.072, metatarsus 0.167/0.055, tarsus 0.246/0.045.

Leg IV: femur + patella 0.615/0.243 (0.531-0.752/0.192-0.287),

tibia 0.438/0.110, metatarsus 0.242/0.080, tarsus 0.334/0.054.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 6 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.30, femur 3.58, patella 2.63, chela (with

pedicel) 3.43, chela (without pedicel) 3.22 X longer than broad.

Fixed finger with 15 trichobothria, movable finger with 8

trichobothria (Fig. lOE); eb, esb, it and et regions each with 1

trichobothrium; ib region with 3 trichobothria; ist region with 3

trichobothria; est region with 5 trichobothria; et slightly distal to

if, b region with 2 trichobothria; st region with 1 trichobothrium;

t region with 5 trichobothria; isb and sb absent. Chelal hand with

retrolateral condyle small and rounded.

Carapace: anterior margin medially prominent; 1 pair of

small eyes present; with 22 setae, including 4 setae on anterior

margin and 4 setae on posterior margin.

Coxal region: posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adults.

Dimensions (mm): Body length ? (damaged). Pedipalp:

trochanter 0.288/0.125, femur 0.572/0.160, patella 0.436/0.166,

chela (with pedicel) 0.972/0.283, chela (without pedicel) 0.910,

hand (without pedicel) length 0.381, movable finger length

0.544. Carapace 0.559/? (distorted).

Deutonymph: Chelicera: galea long, slightly curved; hand
with 5 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.03, femur 3.61, patella 2.45, chela

(with pedicel) 3.82, chela (without pedicel) 3.64 X longer than

broad. Fixed finger with 9 trichobothria, movable finger with

6 trichobothria (Fig. lOF); eb, it and et regions each with 1

trichobothrium; ib region with 2 trichobothria; ist region with

2 trichobothria; est region with 2 trichobothria; et slightly

distal to if, esb and isb absent; b region with 2 trichobothria; t

region with 4 trichobothria; sb and st absent. Chelal hand with

retrolateral condyle small and rounded.

Carapace: anterior margin medially prominent; 1 pair of

small eyes present; with 16 setae, including 4 setae on anterior

margin and 2 setae on posterior margin.

Coxal region: posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adults.

Dimensions (mm): Body length 1.62. Pedipalp: trochanter

0.193/0.095, femur 0.394/0.109, patella 0.282/0.1 15, chela (with

pedicel) 0.688/0.180, chela (without pedicel) 0.688, hand
(without pedicel) length 0.256, movable finger length 0.384.

Carapace 0.436/0.310.

Remarks.—Albiorix conodentatus occurs throughout south-

ern Texas and New Mexico, and northern Mexico (Fig. 3C).

Although the label accompanying the slide-mounted holotype

of A. conodentatus gives the collection site as “Saltillo”, the

original description by Hoff (1945) gave a more precise

location of “5 miles W. of Saltillo”. Both the label and
publication failed to specify in which state of Mexico the

locality was situated. In a series of papers co-authored by the

collector (L.I. Davis), it is unequivocally confirmed that the

location is situated in the state of Coahuila de Zaragoza (e.g.,

see Gertsch & Davis 1937, p. 2). Hoff (1956) identified two

specimens from Eddy County, New Mexico as A. retro-

dentatus. We have examined one of these specimens (from

Whites City, erroneously called White City by Hoff) and

found that it conforms very closely to specimens of A.

conodentatus.

Albiorix edentatus Chamberlin 1930

Figs. 3A, 1

1

Albiorix edentatus Chamberlin 1930:46-^7, figs 1C, 2Y, AA;
Chamberlin 1931:figs 281, 33q; Beier 1932a: 173; Roewer
1936:Fig. 30a; Roewer 1937:257; Hoff 1958:15; Harvey

1991:317; Harvey 2013:unpaginated.

Material examined.

—

Holotype. USA: California: male,

Santa Isabella Creek, east slope of Mt. Hamilton, Santa

Clara County (37°21'N, 121°39'W), 18 May 1924, under

stones (under large boulders on yellow pine-covered hillside),

J.C. Chamberlin (CAS, Entomology Type No. 17457, JC-
266.01003).

Paratypes. USA: California: 4 tritonymphs, same data as

holotype (CAS, JC-266.01001, 2, 4, 5).

Diagnosis.—Albiorix edentatus resembles A. rosario in having

very low teeth of the fixed chelal finger that are much longer than

high (Fig. IID). It differs from A. rosario in having trifurcate

subterminal tarsal setae (Fig. IIF) and in having trichobothria

b2 , sb and st equidistant from each other (Fig. 1 1C).

Description.

—

Adult: Color: pedipalps, carapace and coxal

region red-brown; abdomen pale red-brown; chelicerae and

legs light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: both chelicerae not present on slide.

Pedipalp (Fig. 1 IB): trochanter with scattered granulations,

especially on retrolateral face, femur and patella lightly

granulate on prolateral faces, chelal hand lightly granulate

on prolateral surface at base of fingers; trochanter 2.36 (male),

femur 4.36 (male), patella 3.23 (male), chela (with pedicel) 3.86

(male), chela (without pedicel) 3.63 (male), hand (without

pedicel) 1 .44 (male) x longer than broad, movable finger 1 .49

(male) x longer than hand (without pedicel). Fixed chelal

finger and hand with 21 trichobothria, movable chelal finger

with 10 trichobothria (Figs. 5D, IIC): eb, esb and isb in

straight row at base of finger; eb, esb, isb, it and et regions each

with 1 trichobothrium; ib region with 4 trichobothria; ist

region with 6 trichobothria; est region with 6 trichobothria; et
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lateral; D. Detail of fixed chelal finger; E. Right chela, lateral, tritonymph paratype; F. Tip of right tarsus IV. Scale lines = 0.5 mm (B, C, E);

0.25 mm (A); 0.1 mm (D, F).

slightly distal to it; b region with 2 trichobothria; sb and st

regions each with 1 trichobothrium; t region with 6

trichobothria; sb not dorsally displaced relative to st; t region

not overlapping with est region; t region not overlapping with

est region. Venom apparatus present in both chelal fingers,

venom duct terminating in nodus ramosus at est region in fixed

finger and base of t region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger mdth 31 (male) very low,

retrorse teeth, each much longer than high (Fig. 1 ID); movable
finger with ca. 10 (male) very low, rounded teeth; base of fixed

chelal finger with several small denticles.

Carapace (Fig. 11 A): lateral margins evenly convex; 1.48

(male) x longer than broad; with 2 small bulging eyes; anterior

margin medially prominent; with of 18 (male) setae including 4

setae on anterior margin and 4 on posterior margin; with very

faint posterior furrow situated close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 8:4: 4: 4: 6 (male).

Legs: femur + patella 2.38 (male) x longer than deep;

subterminal tarsal setae trifurcate; arolium longer than claws,

deeply divided.

Abdomen: tergites and sternites not divided; sclerites

uniseriate. Tergal chaetotaxy: male, 4: 5: 6: 6: 6: 6: 6: 6: 6: 6



248 THE JOURNAL OF ARACHNOLOGY

(including 2 tactile setae): 9 (including 4 tactile setae); 2.

Sternal chaetotaxy: male, 8: ( 1 ) 9 [3 + 3] ( 1 ): ( 1 ) 6 ( 1 ): 9: 9: 9: 8:

8: 10 (including 2 tactile setae): 6 (including 2 tactile setae): 2.

Setae of tergites and sternites IX-XI acuminate; with several

tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite and each arm fairly short.

Dimensions (mm): Males: holotype: Body length not

measurable. Pedipalp; trochanter 0.371/0.157, femur 0.824/

0.189, patella 0.629/0.195, chela (with pedicel) 1.458/0.378,

chela (without pedicel) 1.373, hand (without pedicel) length

0.546, movable finger length 0.816. Chelicera ? (both missing

from slide). Carapace 0.784/0.528; eye diameter 0.038. Leg I:

femur 0.381/0.102, patella 0.144/0.098, tibia 0.293/0.077,

metatarsus 0.102/0.058, tarsus 0.267/0.044. Leg IV: femur +

patella 0.632/0.266, tibia 0.461/0.116, metatarsus 0.227/0.083,

tarsus 0.332/0.054.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 5 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.20, femur 4.03, patella 2.77, chela

(with pedicel) 3.88, chela (without pedicel) 3.69 X longer than

broad. Fixed finger with 15 trichobothria, movable finger with

8 trichobothria (Fig. 1 IE); eh, esh, it and et regions each with 1

trichobothrium; ih region with 3 trichobothria; ist region with 3

trichobothria; est region with 5 trichobothria; et slightly distal

to if, isb absent; b region with 2 trichobothria; st region with 1

trichobothrium; / region with 5 trichobothria; sb absent. Chelal

hand with retrolateral condyle small and rounded.

Carapace: anterior margin medially prominent; 1 pair of

small eyes present; with 18 setae including 4 setae on anterior

margin and 4 setae on posterior margin.

Coxal region: posterior maxillary lyrifissure present, sub-basal.

Legs: much as in adults.

Dimensions (mm); Body length 2.06. Pedipalp: trochanter

0.275/0.125, femur 0.613/0.152, patella 0.446/0.161, chela (with

pedicel) 1.093/0.282, chela (without pedicel) 1.040, hand

(without pedicel) length 0.397, movable finger length 0.638.

Carapace 0.640/? (distorted).

Remarks.—The original meagre description of A. edentatus

by Chamberlin (1930) was based on the male holotype and

four tritonymphs, which he erroneously suggested may have

been immature females. The slide-mounted holotype lacks the

chelicerae, which were presumably lost during preparation of

the specimen.

This species has only been reported from the type locality in

central California (Fig. 3A).

Alhhmx gertschi Harvey & Muchmore sp. nov.

Figs. 3A, 12

Albiorix mexicanus Chamberlin 1930:45 (in part, specimens

from Utah).

Material examined, -//o/otvpc. USA: Utaiv. female. Grand
County, Moab (38°34'N, r09°33'W), 9 May 1932, W.J.

G[ertsch] (CAS, JC-1607.01003).

Paratypes. USA: Utah: 1 male, 1 female, collected with

holotype (CAS, JC-1 607.0 100 1-2); 1 female, Emery County,

Ferron (39°()6'N, 1 1 1°08'W), 23 June 1934, W. Ivie (CAS, JC-
1619.02001); 1 male, Emery County, Straight Wash (38°47'N,

110°28'W), 20 April 1928, W.J.G[ertsch] (CAS, JC-
449.01001).

Other material. USA: Arizona: 2 males, 1 female, Coconino

County, Grand Canyon, Colorado River-side, mile 43.2

(36°03'N, 112°09'W), 16-17 October 1982, V. Roth (FSCA,
WM7351); 1 male, 1 female, same data (WAM T129657);

Nevada: 1 male, Pershing County, Lovelock (40°) TN,
118°28'W), 4 May 1941 (MCZ, WM1997.01001).

Diagnosis .—Albiorix gertschi closely resembles A. vigintus

and A. sarahae in having trichobothrium ih^ situated distally

(Fig. 12B), but unlike these species which have 20 and 21

trichobothria on the fixed chelal finger and hand, respectively,

it has 22 trichobothria (Fig. 12C), with 6 trichobothria in the

ist group.

Description.

—

Adult: Color: pedipalps, coxae and carapace

deep yellow-brown, legs and chelicerae pale yellow-brown.

Setae; generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 4 (male), 5 (female) small teeth; movable finger with 6

(male), 5 (female) teeth; ralium of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 12B): trochanter with scattered granulations,

femur lightly granulate on prolateral and retrolateral margins,

patella lightly granulate on prolateral margin, chelal hand

lightly granulate on prolateral surface at base of fingers;

trochanter 2.48-2.56 (male), 2.40-2.59 (female), femur 4.57-

5.01 (male), 4.31^.81 (female), patella 3.32-3.85 (male), 2.91-

3.48 (female), chela (with pedicel) 3.99^.47 (male), 3.58-M-.45

(female), chela (without pedicel) 3.78-4.24 (male), 3.49-4.23

(female), hand (without pedicel) 1.53-1.64 (male), 1.50-1.66

(female) x longer than broad, movable finger 1.43-1.69 (male),

1.29-1.54 (female) x longer than hand (without pedicel). Fixed

chelal finger and hand with 22 trichobothria, movable chelal

finger with 10 trichobothria (Figs. 5E, 12C); eh, esh and isb in

straight row at base of finger; eb, esh, isb, it and et regions each

with 1 trichobothrium; ih region with 5 trichobothria, ih^

displaced distally in advance of eb, esb and i.sb', ist region with

6 trichobothria; est region with 6 trichobothria; et slightly

distal to if, h region with 2 trichobothria; sh and st regions

each with 1 trichobothrium; t region with 6 trichobothria; sh

not dorsally displaced relative to sf, t region not overlapping

with est region. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus within est

region in fixed finger and at base of t region in movable finger.

Chelal hand with retrolateral condyle small and rounded.

Chelal teeth evenly spaced and juxtadentate: fixed finger with

57 (male), 42^7 (female) low, retrorse teeth (Fig. 12D);

movable finger with ca. 12-20 (male), ca. 12 (female) obvious,

low teeth, followed by additional very low teeth; base of fixed

chelal finger with several small denticles.

Carapace (Fig. 12A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

20-23 (male), 20 (female) setae including 4 (5 in 1 male) setae

on anterior margin and 4 on posterior margin; with very faint

posterior furrow situated close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 -i- 7: 5: 6: 5: 6

(male); 2 + 8; 4: 6: 5: 6 (female).
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Figure 12 .—Albiorix gertschi Harvey & Muchmore sp. nov.: female holotype, unless stated otherwise: A. Carapace; B. Left pedipalp, dorsal;

C. Left chela, lateral, paratype female (CAS, JC-1607.01002); D. Detail of fixed chelal finger, paratype female (CAS, JC-1607.01002); E. Tip of

right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (B); 0.25 mm (A, C); 0.1 mm (D, E).

Legs: femur + patella 2.54 -2.85 (male), 2.82-2.85 (female) x

longer than deep; subterminal tarsal setae trifurcate

(Fig. 12E); arolium longer than claws, deeply divided.

Abdomen: tergites and sternites not divided; sclerites

uniseriate. Tergal chaetotaxy: male, 4: 5: 7: 8: 8: 8: 7: 8: 6: 6

(including 2 tactile setae): 7 (including 4 tactile setae): 2; female,

4: 4: 5: 7: 8: 8: 8: 8: 6: 7 (including 4 tactile setae): 7 (including 4

tactile setae): 2. Sternal chaetotaxy: male, ? (sternite missing):

(1) 8 [3 + 3] (1): (1) 7 (1): 10: 8: 9: 8: 8: 6: 6 (including 2 tactile

setae): 2; female, 6: (1) 6 (1): (1) 7 (1): 9: 9: 10: 9: 8: 8: 8

(including 4 tactile setae): 2; setae of anterior genital operculum

(sternite II) of female very small. Setae of tergites and sternites

IX-XI acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac deeply bifid; female with large gonosac which is covered

with scattered pores.

Dimensions (mm): Males: JC-1 607.0 1001 followed by other

males (where applicable): Body length 2.06 (2.18-2.32).

Pedipalp: trochanter 0.317/0.128 (0.397/0.155-0.156), femur

0.690/0.151 (0.850-0.940/0.179-0.195), patella 0.531/0.160

(0.646-0.730/0.179-0.195), chela (with pedicel) 1.187 (1.456-

1.578/0.331-0.378), chela (without pedicel) 1.144 (1.402-

1.503), hand (without pedicel) length 0.467 (1.530-1.640),

movable finger length 0.669 (0.864-0.948). Chelicera 0.264/

0.113; movable finger length 0.113. Carapace 0.640/0.411

(0.779-0.925/0.563-0.602); eye diameter 0.038. Leg I: femur

0.341/0.080, patella 0.167/0.076, tibia 0.260/0.058, metatarsus

0.153/0.045, tarsus 0.250/0.038. Leg IV: femur + patella 0.523/

0.198 (0.656-0.672/0.236-0.258), tibia 0.382/0.083, metatarsus

0.186/0.062, tarsus 0.298/0.042.

Females: holotype followed by other females (where

applicable): Body length 2.29 (1.94-2.03). Pedipalp: trochanter
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Figure 13 .—Albiorix magnus Hoff, female holotype: A. Carapace; B. Left pedipalp, dorsal; C. Left chela, lateral; D. Detail of fixed chelal

finger; E. Tip of right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (A-C); 0.1 mm (D, E).

0.347/0.134 (0.338-0.384/0.141-0.151), femur 0.726/0.161

(0.736-0.904/0.153-0.191), patella 0.539/0.162 (0.544-0.662/

0.162-0.205), chela (with pedicel) 1.267/0.316 (1.280-1.541/

0.314-0.371), chela (without pedicel) 1.205 (1.219-1.480), hand
(without pedicel) length 0.486 (0.486-0.589), movable finger

length 0.720 (0.728-0.885). Chelicera 0.290/0.124; movable

finger 0.179. Carapace 0.659/0.475 (0.642-0.762/0.460-0.528);

eye diameter 0.038. Leg I: femur 0.352/0.085, patella 0.180/0.077,

tibia 0.266/0.060, metatarsus 0.160/0.050, tarsus 0.256/0.038.

Leg IV: femur + patella 0.551/0.193 (0.545-0.602/0.193-0.211),

tibia 0.411/0.088, metatarsus 0.205/0.063, tarsus 0.314/0.041.

Remarks.—This species is known from desert ecosystems in

Utah, Nevada and northern Arizona (Fig. 3A).

Etymology.—This species is named for the late Willis J.

Gertsch (1906-1998), former curator of the American
Museum of Natural History, New York, and collector of

some of the type specimens.

Albiorix magnus Hoff 1945

Figs. 3B, 13

Albiorix magnus Hoff 1945:2-4, figs 1-5; Harvey 1991:317;

Ceballos 2004:427; Harvey 2013:unpaginated.

Albiorix aff. magnus Hoff: Villegas-Guzman 2006:134.

Material examined.

—

Holotype. MEXICO: Coahuila de

Zaragoza: female, 20 miles E. of San Pedro (25°45'N,

102°52'W), 5 July 1936, A.M. Davis, L.I. Davis (AMNH,
Hoff slide no. S-1 19.5207).

Diagnosis.—This is one of the largest species of the genus,

which differs from others of similar size as follows: from A.

anophthalmus by the presence of eyes (Fig. 13A); from A.

chilensis by the presence of 6 setae on the cheliceral hand; from

A. meraculus by the trifurcate subterminal tarsal seta

(Fig. 13E); and from A. oaxaca by having fewer and larger

teeth on the fixed chelal finger (Fig. 13D).
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Description.

—

Adult: Color: pedipalps and carapace deep

red-brown; chelicerae and legs yellow-brown; tergites and

sternites pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate, slightly curved;

fixed finger with 9 (female) teeth; movable finger with 6

(female) teeth; rallum of 4 blades, each with several serrations;

lamina exterior absent.

Pedipalp (Fig. 13B): trochanter lightly granulate on prolat-

eral and retrolateral faces, femur lightly granulate over most

surfaces but with stronger granulations on prolateral face,

patella lightly granulate on prolateral face, chela with light

granulations on prolateral face, and retrolateral face near base

of chelal fingers, and otherwise smooth; trochanter 2.38

(female), femur 4.54 (female), patella 3.36 (female), chela (with

pedicel) 3.86 (female), chela (without pedicel) 3.69 (female),

hand (without pedicel) 1.51 (female) x longer than broad,

movable finger 1.47 (female) x longer than hand (without

pedicel). Fixed chelal finger and hand with 22 trichobothria,

movable chelal finger with 10 trichobothria (Figs. 5F, 13C):

eb, esb and isb in straight row at base of finger; eb, esb, isb, it

and et regions each with 1 trichobothrium; ib region with 5

trichobothria; ist region with 6 trichobothria; est region with 6

trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium;

t region with 6 trichobothria; sb not dorsally displaced relative

to St; t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus within est region in fixed finger

and basal to the t region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger with 54 (female) retrorse,

close-set teeth (Fig. 13D); movable finger with ca. 9 distal

teeth, leading into several very low teeth; base of fixed chelal

finger with several small denticles.

Carapace (Fig. 13A): lateral margins evenly convex; 1.23

(female) x longer than broad; with 2 small bulging eyes;

anterior margin medially prominent; with 22 setae including 4

setae on anterior margin and 4 on posterior margin; with

shallow furrow situated near posterior margin.

Coxal region; manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 9: 6; 7: 7: 7

(female).

Legs: femur + patella 2.78 (female) x longer than deep;

metatarsus and tarsus III and IV with sub-basal tactile seta;

subterminal tarsal setae trifurcate (Fig. 13E); arolium longer

than claws, deeply divided.

Abdomen; tergites and sternites not divided; sclerites

uniseriate or nearly so, except for except for female sternite

V which has 2 setae not in main row. Tergal chaetotaxy:

female, 5: 6: 6: 8: 8; 8: 8: 8: 8: 8 (including 3 tactile setae): 7

(including 4 tactile setae): 2. Sternal chaetotaxy: female, 10: (1)

8(1): (1)8(1): 14: 12; 12: 10:9: 1 1 : 7 (including 2 tactile setae):

2. Setae of tergites and sternites IX-XI acuminate.

Genitalia: female with large gonosac, which is covered with

scattered pores.

Dimensions (mm): Female: holotype: Body length 3.39.

Pedipalp: trochanter 0.531/0.223, femur 1.190/0.262, patella

0.947/0.282, chela (with pedicel) 2.048/0.531, chela (without

pedicel) 1.960, hand (without pedicel) length 0.804, movable

finger length 1.184. Chelicera 0.437/0.204, movable finger

length 0.259. Carapace 0.989/0.802; eye diameter 0.051. Leg I:

femur 0.560/0.131, patella 0.262/0.122, tibia 0.449/0.083,

metatarsus 0.225/0.070, tarsus 0.358/0.052. Leg IV: femur +

patella 0.884/0.318, tibia 0.624/0.126, metatarsus 0.353/0.093,

tarsus 0.486/0.066.

Remarks.—The right chela of the slide-mounted holotype

has been separated from the remainder of the pedipalp, but is

not positioned in such a way as to allow the morphology of the

chelal teeth to be observed properly. Although the chela is

rotated slightly and is dorso-laterally aligned (Fig. 13C), it

appears that the teeth of the fixed finger may be basally

incised, as in the types of A. meraculus (Fig. 14D), as a slight

overlap can be observed in many of the teeth. However, both

species can be distinguished by the morphology of the

subterminal tarsal setae, which are trifurcate in A. magnus

(Fig. 13E) but are bifurcate A. meraculus.

The original description of A. magnus by Hoff (1945) gave

the type locality as “20 miles E. of San Pedro” even though the

label accompanying the slide-mounted holotype simply stated

“San Pedro”. Hoff (1945) did not specify in which state of

Mexico this particular San Pedro was situated, but in a series of

papers co-authored by one of the collectors (L.I. Davis), they

unequivocally confirm that the location is situated in the state

of Coahuila de Zaragoza (e.g., see Gertsch & Davis 1937, p. 2).

Villegas-Guzman (2006) recorded several specimens from

Chiapas, Mexico as Albiorix affinis magnus, but noted

discrepancies with the original description by Hoff (1945) and

suggested that they may in fact represent an undescribed

species. Dr Villegas-Guzman (in litt.) has kindly reexamined the

specimens which are lodged in the Coleccion Nacional de

Aracnidos del Instituto de Biologia de la Universidad Nacional

Autonoma de Mexico, and confirms that they match the new
description of A. magnus presented in this manuscript.

Albiorix magnus appears to be widely distributed in Mexico

and has been found at the type locality in the state of Coahuila

de Zaragoza and in eastern Chiapas near the Guatemalan

border (Fig. 3B).

Albiorix meraculus Harvey & Muchmore, sp. nov.

Figs. 3B, 14

Material examined.

—

Holotype. MEXICO: Jalisco: Male,

Purificacion (19°43'N, 104°36'W), 19 November 1941, C.

Bolivar (CAS, JC-1658.01001).

Paratype. MEXICO: Jalisco: 1 tritonymph, same data as

holotype (CAS, JC-1658.01002).

Diagnosis .—Albiorix meraculus is one of the largest species

of Albiorix, with a chela length (with pedicel) of 2.032 mm
(male). It differs from other species of the genus by the

morphology of the teeth on the fixed chelal finger, most of

which are deeply incised basally forming an overhanging

ridge. In addition, the subterminal tarsal seta is bifurcate and

each tine is quite long.

Description.

—

Adult: Color: pedipalps and carapace deep

red-brown; chelicerae and legs yellow-brown; tergites and

sternites pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate, slightly curved;
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Figure 14 .—Alhiorix meracidus Harvey & Muchmore sp. nov., male holotype, unless stated otherwise: A. Carapace, dorsal; B. Right pedipalp,

dorsal; C. Left chela, lateral; D. Detail of fixed chelal finger; E. Right chela, lateral, tritonymph paratype (CAS, JC-1658.01002); F. Tip of right

tarsus IV, only subtermina! tarsal seta shown. Scale lines = 1.0 mm (B); 0.5 mm (A, C, E); 0.1 mm (D, F).

fixed finger with 6 small teeth as well as several minute teeth;

movable finger with 4 teeth; rallum of 4 blades, each with

several serrations; lamina exterior absent.

Pedipalp (Fig. 14B): trochanter lightly granulate on retro-

lateral face, femur lightly granulate over most surfaces, patella

lightly granulate over prolateral face, chela fairly smooth;

femur 5.25 (male), patella 3.51 (male), chela (with pedicel) 4.49

(male), chela (without pedicel) 4.34 (male), hand (without

pedicel) 1.62 (male) x longer than broad, movable finger 1.64

(male) x longer than hand (without pedicel). Fixed chelal

finger and hand with 22 trichobothria, movable chelal finger

with 10 trichobothria (Fig. 14C): eh, esh and isb in straight

row at base of finger; eh, esb, isb, it and et regions each with 1

trichobothrium; ib region with 4 trichobothria; ist region with

7 trichobothria; est region with 6 trichobothria; et slightly

distal to it; h region with 2 trichobothria; sb and st regions

each with 1 trichobothrium; t region with 6 trichobothria; sh

not dorsally displaced relative to st; t region not overlapping

with est region. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus near est

region in fixed finger and basal to the t region in movable

finger. Chelal hand with retrolateral condyle small and

rounded. Chelal teeth evenly spaced and juxtadentate: fixed

finger with 58 (male) strongly retrorse teeth, margins of most
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teeth deeply dissected basally forming an overhanging ridge;

movable finger with several distal teeth none of which are

upraised, leading into many very low teeth which extend along

entire length of finger; base of fixed chelal finger with several

small denticles.

Carapace (Fig. 14A); lateral margins evenly convex; 1.47

(male) x longer than broad; with 2 small bulging eyes; anterior

margin medially prominent; with 22 setae including 4 setae on

anterior margin and 4 on posterior margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 8: 8: 7: 8: 9

(male).

Legs: femur + patella 2.53 (male) x longer than deep;

metatarsus and tarsus III and IV with sub-basal tactile seta;

subterminal tarsal setae bifurcate with long tines (Fig. 14F);

arolium longer than claws, deeply divided (Fig. 14F).

Abdomen: tergites and sternites not divided, except for

sternite III, which is medially divided; sclerites uniseriate,

except for sternites II and III, which have the setae somewhat

scattered. Tergal chaetotaxy, male: 4: 6: 6: 8: 8: 8: 10: 8: 8: 8

(including 2 lateral tactile setae): 9 (including 4 tactile setae): 2.

Sternal chaetotaxy, male: 15: (1) 18 [2 + 3] (1): (1) 9 (1): 10: 13:

9: 11: 11: 11:9 (including 4 tactile setae): 3. Setae of tergites

and sternites IX-XI acuminate.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite and each arm fairly short.

Dimensions (mm): Male: holotype (JC-1658.01001 ): Body

length ca. 3.12. Pedipalp: trochanter ? (damaged )/0. 193, femur

1.192/0.227, patella 0.898/0.256, chela (with pedicel) 2.032/

0.453, chela (without pedicel) 1.968, hand (without pedicel)

length 0.736, movable finger length 1.208. Chelicera 0.368/

0.158, movable finger length 0.224. Carapace 0.960/0.651; eye

diameter 0.061. Leg I: femur 0.560/0.126, patella 0.264/0.109,

tibia 0.447/0.083, metatarsus 0.231/0.064, tarsus 0.371/0.046.

Leg IV: femur + patella 0.909/0.359, tibia 0.650/0.136,

metatarsus 0.325/0.097, tarsus 0.466/0.061.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 6 setae, movable finger with 1 seta; fixed finger with 6

small teeth, movable finger with 3 small teeth; rallum

composed of 4 blades, all serrate.

Carapace: anterior margin medially prominent; 1 pair of

rounded eyes present; with 22 setae including 4 setae on

anterior margin and 4 setae on posterior margin.

Pedipalp: trochanter 2.24, femur 5.27, patella 3.54, chela

(with pedicel) 4.57, chela (without pedicel) 4.40, hand (without

pedicel) 1.61 X longer than broad; movable finger 1.69 X
longer than hand (without pedicel). Fixed finger with 14

trichobothria, movable finger with 8 trichobothria (Fig. 14E);

eb, esb, it and et regions each with 1 trichobothrium; ib region

with 3 trichobothria; ist region with 3 trichobothria; est region

with 4 trichobothria; et slightly distal to it; b region with 2

trichobothria; st region with 1 trichobothrium; t region with 5

trichobothria. Chelal hand with retrolateral condyle small and

rounded.

Legs: much as in adult.

Dimensions (mm): Body length ca. 2.92. Pedipalp: trochan-

ter 0.358/0.160, femur 0.944/0.179, patella 0.658/0.186, chela

(with pedicel) 1.563/0.342, chela (without pedicel) 1.504, hand
(without pedicel) length 0.550, movable finger length 0.928.

Carapace 0.726/0.517.

Remarks.—Albiorix iiwniciiliis is known only from two

specimens collected in the southern Mexican state of Jalisco

(Fig. 3B). It is one of the largest species of the genus, and

comparable in size to A. auophthabmts, A. chilensis, A. nuigmis

and A. oaxaca. It is easily distinguished from these species by

the unusual morphology of the teeth of the fixed chelal finger,

which are strongly incised basally (Fig. 14D).

Etymology.—The specific epithet refers to the type locality,

Purificacion; meraculm, a Latin diminutive meaning pure,

unadulterated, genuine (Brown 1956).

Albiorix mexicaiius (Banks 1898)

Figs. 3B, 6A, 7A, 7C, 7D, 15^

Ideoronciis mexiccmus Banks 1898:289; Chamberlin 1923:359-

360, plate 2 Fig. 13, plate 3 Figs. 14, 34.

Albiorix mexicamts (Banks): Chamberlin 1930:45 Figs. 2f,

2dd; Chamberlin 1931:Figs. 9j, llu, 17q, 19g, 251, 59; Beier

1932a:173; Beier 1932b:Fig. 255; Roewer 1936:Fig. 30c;

Roewer 1937:257, Fig. 215; Vachon 1949: Fig. 203f; Hoff

1958:14; Mahnert 1984a:673-675, fig 42; Harvey 1991:317;

Ceballos 2004:427-428; Harvey & Volschenk 2007:368,

Figs. 1^; Harvey 2013:unpaginated.

Not Icleoroncus mexicaiius Banks: With 1905:127-131, plate 9

Figs. 2a-d, plate 10 Figs, la-f (misidentification; Bochica

withi (Chamberlin)).

Material examined.

—

Neotype. MEXICO: Baja California

Norte: female, Bahia de Las Animas (labelled “Las Animas

Bay”) (28°50'N, 113°20'W), 8 May 1923, under stone, J.C.

Chamberlin (CAS, Entomology Type No. 1267, JC-

370.01001; slide).

Other material. MEXICO: Baja California Norte: 1 trito-

nymph, Isla San Esteban (28°42'N, 112°36'W), 20 April 1921,

sifted from mesquite leaves, J.C. Chamberlin (CAS, JC-
110.01001; 2 slides); Baja California Sur: 1 tritonymph, Isla

San Marcos (27°13'N, 112°06'W) (CAS, JC-37 1.0 1001).

Diagnosis.

—

Albiorix mexicanus differs from other species of

the genus by the sharply pointed teeth of the fixed chelal finger

(Fig. 15C).

Description.

—

Adult: Color: uniformly pale yellow-brown

(neotype; KOH treated).

Setae: generally long, straight and acicular.

Chelicera (Fig. 7A): hand with 5 setae; movable finger with

1 subdistal seta; galea very slender and elongate; fixed finger

with 8 (female) small, sub-equal teeth; movable finger with 4

(female) small teeth; rallum of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 15A): trochanter and femur entirely granu-

late, patella lightly granulate on prolateral margin, chelal hand

lightly granulate on prolateral and retrolateral faces at base of

fingers; trochanter 2.46 (female), femur 4.48 (female), patella

3.04 (female), chela (with pedicel) 3.70 (female), chela (without

pedicel) 3.51 (female), hand (without pedicel) 1.34 (female) x

longer than broad, movable finger 1.62 (female) x longer than

hand (without pedicel). Fixed chelal finger and hand with 20

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 15A): eb, esb and isb in straight row at base of finger; eb,

esb, isb, it and et regions each with 1 trichobothrium; ib region

with 4 trichobothria; ist region with 5 trichobothria; est region

with 6 trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t



Figure 15 .—Albiorix mexicanus (Banks); female neotype (CAS) unless stated otherwise: A. Left pedipalp, dorsal; B. Right chela, lateral,

tritonymph (CAS, JC-1 10.01001); C. Detail of fixed chelal finger, tritonymph (CAS, JC-1 10.01001); D. Tip of right tarsus IV, only subterminal

tarsal seta shown; E. Carapace, dorsal. Scale lines = 0.5 mm (A, B, E); 0.1 mm (C, D).

region with 6 trichobothria; sb not dorsally displaced relative

to St; t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus within est region in fixed finger

and basal to / region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger with ca. 69 (female)

teeth; movable finger with ca. 30 (female) teeth; shape not

discernible due to poor orientation; base of fixed chelal finger

with several small denticles.

Carapace (Fig. 15E): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially straight; with 24

setae including 4 setae on anterior margin and 4 on posterior

margin; with very faint posterior furrow situated close to

posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7: 5; 5: 6: 5

(female).

Legs: femur + patella 2.62 (female) x longer than deep;

subterminal tarsal setae trifurcate (Fig. 15D); arolium longer

than claws, deeply divided (Fig. 15D).

Abdomen: tergites not divided, medial sternites without

medial suture line; sclerites uniseriate. Tergal chaetotaxy:

female, 4: 4: 4: 6: 7: 7: 8: 7: 6: 7 (including 2 tactile setae): 5
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(including 2 tactile setae): 2. Sternal chaetotaxy: ?, 6: (1) 6 (1):

(1) 6 (1): 8: 10: 9: 9: 10: 10: 7 (including 3 tactile setae): 2; setae

of anterior genital operculum (sternite II) of female very small.

Setae of tergites and sternites IX-XI acuminate; with several

tactile setae.

Genitalia: female with large gonosac, which is covered with

scattered pores.

Dimensions (mm): Female: neotype: Body length ca. 2.53.

Pedipalp: trochanter 0.394/0.160, femur 0.896/0.200, patella

0.656/0.216, chela (with pedicel) 1.504/0.407, chela (without

pedicel) 1.428, hand (without pedicel) length 0.547, movable

finger length 0.884. Chelicera 0.337/0.152. Carapace 0.819/

0.598; eye diameter 0.051. Leg I: femur 0.411/0.095, patella

0.191/0.188, tibia 0.312/0.064, metatarsus 0.173/0.051, tarsus

0.250/0.038. Leg IV: femur + patella 0.674/0.257, tibia 0.460/

0.099, metatarsus 0.238/0.070, tarsus 0.347/0.051.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 6 setae, movable finger with 1 seta; fixed finger with 6

small teeth, movable finger with 4 small teeth; rallum

composed of 4 blades, all serrate.

Carapace: anterior margin medially prominent; 1 pair of

rounded eyes present; with 21 setae including 4 setae on

anterior margin and 4 setae on posterior margin.

Pedipalp: trochanter 2.35, femur 4.63, patella 3.46, chela

(with pedicel) 4.03, chela (without pedicel) 3.88, hand (without

pedicel) 1.44 x longer than broad; movable finger 1.65 X
longer than hand (without pedicel). Fixed finger with 14

trichobothria, movable finger with 8 trichobothria (Fig. 15B);

eb, esb, it and et regions each with 1 trichobothrium; ib region

with 3 trichobothria; ist region with 3 trichobothria; est region

with 4 trichobothria; et slightly distal to //; b region with 2

trichobothria; st region with 1 trichobothrium; t region with 5

trichobothria. Chelal hand with retrolateral condyle small and

rounded.

Legs: much as in adult.

Dimensions (mm): Body length ca. 2.86. Pedipalp: trochan-

ter 0.369/0.157, femur 0.862/0.186, patella 0.640/0.185, chela

(with pedicel) 1.443/0.358, chela (without pedicel) 1.380, hand
(without pedicel) length 0.514, movable finger length 0.848.

Carapace 0.720/0.550.

Remarks.—The original description of Ideoroncus mexica-

nus by Banks (1898) specifically mentioned only a single

specimen collected from San Miguel de Horcasitas, situated in

the state of Sonora, Mexico. This specimen was lodged in the

California Academy of Sciences but was destroyed in 1906

during the San Francisco earthquake and resulting fire

(Chamberlin 1923). A neotype specimen from Baja California

was subsequently nominated by Chamberlin (1923). This

specimen was collected from Bahia de Las Animas in Baja

California Sur and is lodged in the California Academy of

Sciences. Although Banks (1898) specifically stated that he

had examined only a single specimen of I. mexicanus, we have

found several specimens collected by G. Eisen from San
Miguel de Horcasitas, apparently from March to May 1892

(Eisen 1895), which are likely to be conspecific with the

destroyed holotype. These specimens are lodged in the

Museum of Comparative Zoology and bear the label

“'Ideoroncus angustus Banks” a name that has never been

published by Banks or any other author. They consist of three

males and three females that have been mounted on

microscope slides by W.B. Muchmore, and which clearly

represent specimens of A. conodentcitus. Because they are not

labelled with the name /. mexicanus and were not mentioned

in the original description of /. mexicanus, they can be clearly

disregarded as part of the type series (International Com-
mission on Zoological Nomenclature 1999). As noted by

Mahnert (1984a), these specimens differ from the neotype of

A. mexicanus in the number of trichobothria on the fixed

finger (they have a total of 22, including an extra

trichobothrium in each of the ib and ist groups, compared

with the 20 trichobothria found in A. mexicanus) and have

quite differently shaped chelal teeth. Because these specimens

bear no type status, the fact that the original type specimen

and the neotype belong to different species has no relevance

to this situation (International Commission on Zoological

Nomenclature 1999, Article 75) and we here base our concept

of A. mexicanus on the neotype designated by Chamberlin

(1923).

Chamberlin (1923) listed only the female neotype in his

redescription of Ideoroncus mexicanus, but also referred to two

other specimens without providing any collection data.

Among the Chamberlin collection lodged in CAS is a

specimen from Isla San Esteban (JC-1 10.01001) which is

labelled as a female ‘neoparatype’ by Chamberlin, and later

listed among the material identified as A. mexicanus by

Chamberlin (1930). This specimen is in fact a tritonymph and

likely to be correctly associated with A. mexicanus due to the

reduced number of trichobothria, 14, on the fixed chelal finger

and hand which is characteristic of Albiorix tritonymphs with

an adult configuration of 20 trichobothria. These locations are

only 75 km apart in the Gulf of California. The third specimen

is likely to have been from Isla San Marcos, which likewise

was claimed to be a female by Chamberlin (1930) but is also a

tritonymph and is labelled as a ‘neoparatype’. Unlike the

tritonymph from Isla San Esteban, the nymph from Isla San

Marcos has 15 trichobothria on the fixed chelal finger and

hand, suggesting it may represent a different species. Adult

specimens from this locality are required to establish its

identity. Although W.B. Muchmore was able to examine this

second specimen in 1994, the specimen can no longer be found

in CAS, and a more detailed examination has not been

possible.

The neotype is mounted on a microscope slide, but only left

leg I and right leg IV are dissected from the body. The
remaining appendages remain attached and although it is

possible to count the number of chelal teeth, as they are visible

through the cleared fingers, it is not possible to observe their

morphology. This is highly regrettable as the shape of the

chelal teeth is an extremely important factor in assisting to

delimit species of Albiorix. As discussed above, the female

neotype has a reduced trichobothrial number with only 20

trichobothria on the fixed chelal finger and hand (Fig. 15A).

Comparisons with other ideoroncid species suggest that a

tritonymph of a species with this pattern would be expected to

have 14 trichobothria (Harvey et al. 2007; Mahnert 1984a).

This feature is indeed found in the tritonymph collected from

Isla San Esteban which is situated only 75 km from the type

locality. The teeth of the fixed chelal finger of this tritonymph

are clearly quite sharply pointed (Fig. 15C), in contrast to the

slightly rounded tips of the teeth in A. parvidentatus. It is not
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Figure 16 .—Alhiorix Diinor Harvey & Muchmore sp. nov., male holotype (FSCA, WMl 244.0 1004): A. Carapace; B. Left pedipalp, dorsal; C.

Right chela, lateral; D. Detail of fixed chelal finger; E. Tip of left tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (B); 0.2 mm
(A); 0.25 mm (C); 0.1 mm (D-F).

known for certain whether the neotype also has sharply

pointed teeth, but we prefer to assume that this is the case until

it can be proven otherwise by the study of new specimens from

the type locality.

The other specimens identified as A. mexicanus by

Chamberlin (1930) belong to other species: a female from El

Centro, California (JC-375.02001), belongs to A. parvidenta-

tus\ the female from Saint George, Utah (JC-245.01001 ) is

assigned to A. vigintus', a male from a series of 8 adults from

Straight Wash, Utah (JC^49.01001-8) was examined (the

other seven specimens were not located for this study) and

identified as A. gertschi. The other specimens listed by

Chamberlin (1930), a male from Straight Canyon, San Rafael

Desert, Utah (JC^50.01001 ) and a female from Bluff, Utah

(JC^37.01001 ) were not located for this study.

Alhiorix mexicanus has been recorded from only a small

area of Baja California, Mexico (Fig. 3B).

Alhiorix minor Harvey & Muchmore, sp. nov.

Figs. 3B, 16

Material examined.

—

Holotype. MEXICO: Queretaro: male,

1 mile SW. of Rio Blanco, (21°12'N, 99°45'W), 8 July 1967,

under rock in field (FSCA, WM 1244.01004).

Paratypes. MEXICO: Queretaro: 5 males, 1 female, collected

with holotype (FSCA, WM 1244.01001-3, 5, 6); 1 male, collected

with holotype (WAM T129658, WMl 244.0 1007); Hidalgo: 1

female, 10-20 miles S. of Jacala, (20°47'N, 99°11'W), 20 July

1956, V. Roth and W. Gertsch (AMNH, Hoff slide S-3365);

Nuevo Leon: 1 female. Sierra de Enmedio, Hogales Ranch,

26°20'N, 100°40'W, Sept. 1951 (AMNH, Hoff slide S- 1971); San

Luis Potosi: 1 male, km 199, Highway 70, (21°52'N, 99°49'W), 22

February 1973, W. Graham (FSCA, WM339 1.0 1001); Tamau-

lipas: ! female, Gomez Farias, (23°03'N, 99°09'W), 1 June 1964,

Reddell, McKenzie, Mahire (FSCA, WMl 834.0 1001).
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Diagnosis.—This small species [e.g. chela (with pedicel)

0.814-0.880 (male), 0.922-1.139 (female) mm in length] has

strongly retrorse teeth on the fixed chelal finger, which are

only slightly longer than high.

Description.

—

Adult: Color; pedipalps, carapace and coxal

region red-brown; abdomen pale red-brown; chelicerae and

legs light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 5 or 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 4 (male, female) small teeth; movable finger with 4 (male,

female) teeth; rallum of 4 blades, distal pair with several

serrations, basal pair smooth; lamina exterior absent.

Pedipalp (Fig. 16B): trochanter with scattered granulations

on most faces, femur granulate on prolateral and basal region

of retrolateral margins, patella granulate on prolateral margin,

chela! hand very sparsely granulate on prolateral margin at

base of fingers; trochanter 2.27 (male), 2.31 (female), femur

3.20-3.88 (male), 3.50-4.22 (female), patella 2.59-2.75 (male),

2.68-3.14 (female), chela (with pedicel) 3.34-3.64 (male), 3.29-

3.60 (female), chela (without pedicel) 3.14-3.43 (male), 3.09-

3.43 (female), hand (without pedicel) 1.27-1.53 (male), 1.37-

1.58 (female) x longer than broad, movable finger 1.22-1.41

(male), 1.17-1.34 (female) x longer than hand (without

pedicel). Fixed chelal finger usually with 22 trichobothria

(one female with 20 and 21 trichobothria, one male with 21

trichobothria on both chelae), movable chelal finger with 10

trichobothria (Fig. 16C): eb, esb and isb in straight row at base

of finger; eb, esb, isb, ft and et regions each with 1

trichobothrium; ib region with 5 trichobothria; ist region with

5 trichobothria; est region with 6 trichobothria; et slightly

distal to it, b region with 2 trichobothria; sb and st regions

each with 1 trichobothrium; t region with 6 trichobothria; sb

not dorsally displaced relative to st, t region not overlapping

with est region. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus near est

region in fixed finger and basal to t region in movable finger.

Chelal hand with retrolateral condyle small and rounded.

Chelal teeth evenly spaced and juxtadentate: fixed finger with

29-36 (male), 30-39 (female) distinct, strongly retrorse teeth;

movable finger with ca. 2-3 (male), 3-8 (female) low teeth,

plus many additional smaller swellings; base of fixed chelal

finger with several small denticles.

Carapace (Fig. 16A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

18-23 (male), 19-24 (female) setae including 4 setae on

anterior margin and 4 on posterior margin; with very faint

posterior furrow situated close to posterior margin.

Coxal region; manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 6; 4: 6: 5: 6

(male); 2 + 5: 4: 5: 4: 4 (female).

Legs; femur + patella 2.23 (male), 2.47 (female) x longer

than deep; subterminal tarsal setae trifurcate (Fig. 16E);

arolium longer than claws, deeply divided (Fig. 16E).

Abdomen; tergites not divided, medial sternites without

medial suture line; sclerites uniseriate. Tergal chaetotaxy:

holotype male, 4: 4: 6: 8; 8: 8: 8: 8: 8: 7 (including 4 tactile

setae): 8 (including 4 tactile setae): 2; female, 4: 4: 4: 7: 8: 8: 8:

8: 8: 5 (including 3 tactile setae): 6 (including 4 tactile setae): 2.

Sternal chaetotaxy: male, 6: (1) 12 [4 + 3] (1): (1) 6 (1): 8: 8: 9:

8: 9; 10: 8 (including 4 tactile setae): 2; female, 7: ( 1) 6 ( 1 ): ( 1 ) 6

(1): 8; 7: 8: 8: 9: 10: 8 (including 4 tactile setae): 2; setae of

anterior genital operculum (sternite II) of female very small.

Setae of tergites and sternites IX-XI acuminate; with several

tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite; female with large gonosac which is covered with

scattered pores.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length 1.85. Pedipalp: trochanter

0.256/0.113, femur 0.515/0.148 (0.474-0.520/0.134-0.148),

patella 0.389/0.148 (0.365-0.396/0.139-0.147), chela (with

pedicel) 0.884/0.265 (0.814-0.880/0.230-0.258), chela (without

pedicel) 0.832 (0.758-0.832), hand (without pedicel) length

0.371 (0.320-0.360), movable finger length 0.477 (0.422-

0.462). Chelicera 0.238/? (poorly oriented). Carapace 0.515/

0.443; eye diameter 0.030. Leg I: femur 0.256/0.075, patella

0.134/0.077, tibia 0.187/0.056, metatarsus 0.107/0.045, tarsus

0.187/0.035. Leg IV; femur + patella 0.432/0.194, tibia 0.301/

0.090, metatarsus 0.164/0.064, tarsus 0.237/0.042.

Females: paratype (WM 1244.0 1001) followed by other

females (where applicable); Body length 2.22. Pedipalp:

trochanter 0.282/0.122, femur 0.556/159 (0.525-0.688/0.148-

0.163), patella 0.429/0.160 (0.390-0.506/0.141- 0.161), chela

(with pedicel) 0.988/0.300 (0.922-1.139/0.269-0.316), chela

(without pedicel) 0.928 (0.856-1.083), hand (without pedicel)

length 0.426 (0.394-0.498), movable finger length 0.499

(0.461-0.596). Chelicera 0.281/? (poorly oriented). Carapace

0.563/? (poorly oriented); eye diameter 0.036. Leg I: femur

0.279/0.086, patella 0.147/0.082, tibia 0.220/0.061, metatarsus

0.128/0.048, tarsus 0.198/0.038. Leg IV: femur + patella 0.484/

0.196, tibia 0.333/0.090, metatarsus 0.183/0.064, tarsus 0.246/

0.045.

Trichobothrial variation. -The female from Tamaulipas

(FSCA, WM 1834.01 00 1 ) has a total of 20 trichobothria on

the left chela and 21 on the right, and one of the males from 1

mile SW. of Rio Blanco (FSCA, WM 1244.0 1006) has 21

trichobothria on each chela. In each case, the missing

trichobothria are absent from the ist region.

Remarks.

—

Albiorix minor occurs throughout the Sierra

Madre Oriental of eastern Mexico (Fig. 3B).

Etymology.—This species is named for its small size [minor,

Latin, less).

Albiorix mirabilis Muchmore 1982

Figs. 3C, 17

Albiorix mirabilis Muchmore 1982b: 75-77, figs 33-36;

Mahnert I984a:676, Fig. 46; Harvey 1991:317; Ceballos

2004:428; Harvey et al. 2007;Fig. 5; Harvey 2013:unpagi-

nated.

Material Qx^mmeA. -Holotype. Mexico: Oaxaca: Male, la

Cueva de las Maravillas, 6 km S. of Acatlan (de Perez

Figueroa) (18°29'N, 96°36'W), 29 December 1976, J.R.

Reddell, A. Grubbs, C. Soileau, D. McKenzie (FSCA,
WM4675.03001).

Diagnosis.

—

Albiorix mirabilis differs from all other species

of the genus by the shape of the teeth on the fixed chelal finger,

which are pointed and widely spaced.

Description.

—

Adult: Color: Pale yellow-brown, pedipalps

and carapace red-brown.
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Figure 17 .—Albiorix mirahilis Harvey & Muchmore sp. nov., male holotype: A. Carapace (flattened during slide preparation); B. Left

pedipalp, dorsal; C. Right chela, lateral; D. Detail of fixed chelal finger; E. Tip of left tarsus IV, only subterminal tarsal seta shown. Scale lines =

0.5 mm (A, B); 0.25 mm (C); 0.1 mm (D, E).

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 5 small teeth; movable finger with 4 teeth; rallum of 4

blades, each with several serrations on anterior margin; lamina

exterior absent.

Pedipalp (Fig. 17B): trochanter with scattered granulations,

femur and patella lightly granulate on prolateral margin,

chelal hand smooth; trochanter 2.32 (male), 4.17 (male),

patella 3.39 (male), chela (with pedicel) 3.90 (male), chela

(without pedicel) 3.73 (male), hand (without pedicel) 1.59

(male) x longer than broad, movable finger 1.35 (male) x

longer than hand (without pedicel). Fixed chelal finger and

hand with 22 trichobothria, movable chelal finger with 10

trichobothria (Fig. 17C): eb, esb and isb in straight row at base

of finger; eb, esb, isb, it and et regions each with 1

trichobothrium; ib region with 5 trichobothria; ist region with

6 trichobothria; est region with 6 trichobothria; et slightly
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distal to if, b region with 2 trichobothria; sb and st regions

each with 1 trichobothrium; t region with 6 trichobothria; sb

not dorsally displaced relative to sf, t region not overlapping

with est region. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus near est

region in fixed finger and basal portion of t region in movable

finger. Chela! hand with retrolateral condyle small and

rounded. Chelal teeth evenly spaced and juxtadentate: fixed

finger with ca. 32 small pointed teeth; movable finger with 4

very low teeth at distal end, the remainder absent; base of fixed

chelal finger with several small denticles.

Carapace (Fig. 17A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

16 setae including 4 setae on anterior margin and 2 on

posterior margin; with 1 posterior furrow.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 6: 5: 5: 4-5: 6 (c?).

Legs: femur + patella 2.54 (male) x longer than deep;

subterminal tarsal setae with trifurcate, each tine quite long

(Fig. 17E); arolium longer than claws, deeply divided

(Fig. 17E).

Abdomen: tergites not divided, medial sternites without

medial suture line; sclerites uniseriate. Tergal chaetotaxy:

male, 4: 4: 6: 6: 8: 8: 8: 8: 8; 8 (including 4 tactile setae): 7

(including 4 tactile setae): 2. Sternal chaetotaxy: male, 1 1
: ( 1 ) 8

[3 + 3] (1): (1) 6 (1): 9: 9: 9: 10: 10: 10: 8 (including 4 tactile

setae): 2. Setae of tergites and sternites IX-XI acuminate; with

several tactile setae.

Genitalia: male with medium-sized dorsal apodeme; median

genital sac apparently bifurcate.

Dimensions (mm): Male holotype: Body length 2.10.

Pedipalp: trochanter 0.327/0.141, femur 0.722/0.173, patella

0.566/0.167, chela (with pedicel) 1.2 16/. 3 1 2, chela (without

pedicel) 1.163, hand (without pedicel) length 0.496, movable

finger length 0.670. Chelicera 0.290/0.131. Carapace 0.660/

0.646 (flattened); eye diameter 0.045. Leg I: femur 0.353/0.093,

patella 0.175/0.093, tibia 0.256/0.064, metatarsus 0.165/0.052,

tarsus 0.250/0.038. Leg IV: femur + patella 0.571/0.225, tibia

0.410/0.101, metatarsus 0.221/0.070, tarsus 0.307/0.045.

Remarks.

—

Albiorix mirabiiis has only been found in Cueva
de las Maravillas, which is situated near the town of Acatlan

de Perez Figueroa, in southern Mexico (Fig. 3C). The original

description by Muchmore (1982b) is quite detailed, but we
here provide a new description and new figures of the only

known specimen, the male holotype.

Albiorix oaxaca Harvey & Muchmore, sp. nov.

Figs. 3C, 18

Material examined.—Holotype. MEXICO: Oaxaca: male,

Huatla de Jimenez (18°08'N, 96°51'W), 9 November 1968,

Reyes and Cabrera (FSCA, WM7260.01001).

Diagnosis.—This is one of the largest species of the genus,

and is approached in size only by A. anophthalmus, A.

chilensis, A. magnus and A. meraculus. It is easily distinguished

by the morphology of the subterminal tarsal seta which has 1

very long distal tine and 2 short basal tines (Fig. i8E).

Description.

—

Adult: Color; pedipalps, carapace and coxal

region deep red-brown; abdomen red-brown; chelicerae and
legs light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate, slightly curved;

fixed finger with 6 teeth as well as 2 small teeth; movable

finger with 7 teeth; rallum of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 18B): trochanter lightly granulate on retro-

lateral face, femur lightly granulate over most surfaces but

with stronger granulations on prolateral face, patella lightly

granulate over prolateral face, chela with light granulations on

prolateral face but otherwise fairly smooth; trochanter 2.29

(male), femur 4.12 (male), patella 3.21 (male), chela (with

pedicel) 3.69 (male), chela (without pedicel) 3.47 (male), hand

(without pedicel) 1.57 (male) x longer than broad, movable

finger 1.29 (male) x longer than hand (without pedicel). Fixed

chelal finger and hand with 22 trichobothria, movable chelal

finger with 10 trichobothria (Figs. 3C, 18C): eb, esb and isb in

straight row at base of finger; eb, esb, isb, it and et regions each

with 1 trichobothrium; ib region with 5 trichobothria; ist

region with 6 trichobothria; est region with 6 trichobothria;

et slightly distal to it, b region with 2 trichobothria; sb and

St regions each with 1 trichobothrium; t region with 6

trichobothria; sb not dorsally displaced relative to sf, t region

not overlapping with est region. Venom apparatus present in

both chelal fingers, venom duct terminating in nodus ramosus

at anterior end of est region in fixed finger and basal to the t

region in movable finger. Chelal hand with retrolateral

condyle small and rounded. Chelal teeth evenly spaced and

juxtadentate: fixed finger with 70 retrorse, close-set teeth

(Fig. 18D); movable finger with several distal teeth none of

which are upraised, leading into many very low teeth which

extend along entire length of finger; base of fixed chelal finger

with several small denticles.

Carapace (Fig. 18A): lateral margins evenly convex; 0.96

(male) x longer than broad; with 2 small bulging eyes; anterior

margin medially prominent; with 23 setae including 4 setae on

anterior margin and 4 on posterior margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7; 5: 6: 6; 7.

Legs: femur + patella 2.88 (male) x longer than deep;

metatarsus and tarsus III and IV with sub-basal tactile seta;

subtermina! tarsal setae with 1 very long distal tine and 2 short

basal tines (Fig. 18E); arolium longer than claws, deeply divided.

Abdomen: tergites and sternites not divided; sclerites

uniseriate, except for sternite II, which has 2 irregular rows

and sternite III, which has 1 seta placed slightly in advance of

others. Tergal chaetotaxy: male: 4: 5: 8: 9: 8: 9: 10: 9: 9: 9

(including 2 lateral tactile setae): 8 (including 4 tactile setae): 2.

Sternal chaetotaxy: male: 10: (1) 15 [3 + 3] (1): (1) 7 (1): 14: 10:

11: 11: 10: 11: 8 (including 4 tactile setae): 2. Setae of tergites

and sternites IX-XI acuminate.

Genitalia: male with small dorsal apodeme; median genital

sac not preserved in specimen.

Dimensions (mm): Male: holotype: Body length 2.96.

Pedipalp: trochanter 0.48/0.21, femur 1.03/0.25, patella

0.835/0.26, chela (with pedicel) 1.81/0.49, chela (without

pedicel) 1.70, hand (without pedicel) length 0.77, movable

finger length 0.99. Chelicera 0.445/0.21, movable finger length

0.275. Carapace 0.85/0.89 (but distorted on slide); eye

diameter 0.045. Leg I: femur 0.494/0.134, patella 0.268/0.125,

tibia 0.396/0.091, metatarsus 0.205/0.072, tarsus 0.314/0.058.
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Figure 18 .—Alhiorix ocixaca Harvey & Miichmore sp. nov., male holotype: A. Carapace (flattened during slide preparation); B. Right

pedipalp, dorsal (without trochanter); C. Left chela, lateral; D. Detail of fixed chelal finger; E. Tip of left tarsus IV, only subterminal tarsal seta

shown. Scale lines = 0.5 mm (A, B); 0.2 mm (C); 0.1 mm (D, E).

Leg IV: femur + patella 0.865/0.30, tibia 0.58/0.14, metatarsus

0.30/0.105, tarsus 0.45/0.065.

Remarks .—Alhiorix oaxaca has only been found in the state

of Oaxaca in southern Mexico (Fig. 3C).

Etymology.—The specific epithet is a noun in apposition

taken from the type locality.

Alhiorix parvideutatus Chamberlin 1930

Figs. lA, IB, 3A, 6B-F, 7E-H, 19

Alhiorix parvidentutus CXvcxmhcrWn 1930:45^6; Beier 1932a: 1 73;

Roewer 1936:Fig. 30b; Roewer 1937:257; Hoff 1958:15;

Harvey 1991:318; Harvey 2()13:unpaginated.

Material examined.

—

Holotype. USA: California: male.

Palm Canyon, Riverside County (33°48'N, 116°31'W), 5

April 1925, under stone, J.C. Chamberlin (CAS, Entomology

Type No. 17458, JC-535.02001).

Other material. MEXICO: Baja California: 1 female, El

Mayor (32°08'N, 115°16'W), 4 April' 1939, no collector

(UCDC). USA: Arizona: 1 female, Cochise County, 3 miles

E. of Portal (3r55'N, 109°04'W), 11 September 1950, W.J.

Gertsch (AMNH, Hoff slide S-1 586.1); 1 female, Cochise

County, Cave Creek Canyon, South-West Research Station

(31°52'N, 109°13'W), 22 August 1956, A.F. Archer (AMNH,
Hoff slide S-3518); 2 females, Cochise County, Chiricahua

Mountains (31°56'N, 109°23'W), 5,400 feet, 14 April 1961, P.

Wygodzinsky (UCDC); 15 males, 12 females, Cochise County,

Chiricahua Mountains, 3 miles N. of Porta! (31°57'N,

109°08'W), 23 March 1984, under rocks, W. and E. MacKay
(FSCA, WM6559); 1 male, Cochise County, Huachuca
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Figure 19 .—Albiorix parvidentatus Chamberlin, male holotype, unless stated otherwise: A. Carapace, dorsal; B. Right pedipalp, dorsal; C.

Left chela, lateral; D. Detail of fixed chelal finger; E. Right chela, lateral, tritonymph (CAS, JC-547.01003); F. Tip of right tarsus IV, only

subterminal tarsal seta shown. Scale lines = 0.5 mm (B, C, E); 0.2 mm (A); 0.1 mm (D, F).

Mountains (3r24'N, 110°18'W), 2009, J. Cowles (WAM
T 108 162); 2 males, Cochise County, Upper Carr Canyon,

Huachuca Mountains (3r26'N, 110°18'W), 22 My 1955,

W.J. Gertsch (AMNH, Hoff slide S-3406.1-2); 1 female, Gila

County, 2 miles S. of Payson (34°13'N, 111°19'W), 11 April

1935, W. Ivie (CAS, JC-1360.01001); 2 males, 2 females, Gila

County, 8 miles N. of [Theodore] Roosevelt Dam (33°40'N,

liriO'W), 11 April 1935, W. Ivie (CAS, JC-137L01001-4); 2

females, Graham County, Marijiida (as Naritilda) Canyon,

Graham Mountains (32°42'N, 109°47'W), 5,100 feet, 7 April

1961, P. Wygodzinsky (UCDC); 2 females, Graham County,

Noon Creek, Graham Mountains (32°40'N, 109°47'W), 7

April 1961, P. Wygodzinsky (UCDC); 1 male, Maricopa County,

junction of Mesa and Salt Rivers (33°27'N, ll!°5rW), 9 April

1935, W. Ivie (CAS, JC-1 372.04001); 1 female, Maricopa
County, Seven Springs (33°58'N, llTSl'W), August 1966

(MCZ, WM1628.01001); 1 female, Pima County, Arkenstone

Cave, Colossal Cave Mountain Park, at gate (entrance) to cave

(32°04'N, 110°38'W), 29 July 1990, R.B. Pape (FSCA,

WM7539.01001); 1 d, 3 ?, Pima County, Arkenstone Cave,

Colossal Cave Mountain Park, at gate (entrance) to cave

(32°04'N, 110°38'W), 21 March 1998, R.B. Pape (FSCA,

WM8234); 1 male, Pima County, Baboquivari Mountains,

Brown Canyon (31°45'N, 111°31'W), 19 July 1959, V. Roth

(AMNH, WM1736.02001); 1 male, Pima County, Baboquivari

Canyon, west side, Baboquivari Mountains (31°47'N,

lir37'W), 25-27 August 1952, H.B. Leech, J.W. Green

(UCDC); 2 males, Pima County, Elkhom Ranch, E. slope of

N. end Baboquivari Mountains (31°49'N, 111°32'W), 28 July

1952, H.B. Leech, J.W. Green (UCDC); 1 female, Pima County,

Gates Pass, near Tucson (32°13'N, 1 1 1°06'W), 28 March 2009, J.

Cowles (WAM T 108 158); 1 male, 1 female, Pima County, Sabino
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Basin, Santa Catalinas (32°20'N, 110°48'W), 8-12 July 1916

(AMNH, Hoff slide S-185.1-2); 1 male, Pima County, Santa

Catalina Mountains (32°25'N, 1 10°42'W), 25 May 1936, Bryant

(AMNH, Hoff slide S-194.1); 1 female, Pima County, Tucson

(32°13'N, 110°56'W), 1 April 1936, Bryant (AMNH, Hoff slide

S-189); 1 female, Pima County, Tucson Mountains (32°13'N,

lirOV'W), 15 February 1957, V. Roth (AMNH, Hoff slide S-

3520); 12 males, 1 1 females, 1 tritonymph, Pima County, Tucson,

12740 East Chukut Trail (32°17'23"N, 1 10°43' 13"W), 21 January

2013, under rock on hillside, M.S. Harvey, F. Harvey (WAM
T129246, T129656); 1 male, Pima County, Vail (32°00'N,

110°42'W), 2 July 2009, J. Cowles (WAM T108161); 1 male, 1

female, Pinal County, Oracle (32°37'N, 110°46'W), 7 March
1980, decaying sotol clump (Dasylirion wheeleri), D.W. Zeh
(FSCA, WM5979.01001-2); 1 female, Santa Cruz County, 5

miles NE. of Patagonia (31°35'N, 110°42'W), 14 September

1991, R.B. Pape (FSCA, WM8093); 1 tritonymph, Yuma
County, Fortuna Mine (32°33'N, 114°20'W), 27 January 1957,

V. Roth (AMNH, Hoff slide S-4102); 1 male, 1 female, Yuma
County, Fortuna Mine (32°33'N, 114°20'W), 7 February 1960,

V. Roth (AMNH, Hoff slide SM103.1-2); 1 male, 1 female,

Yuma County, 2 miles W. of Ligurta (32°40'N, I14°18'W), 15

January 1983, G. Lowe (WAM T1 27031); 2 males, 1 female,

Yuma County, Palm Canyon (33°22'N, 114°06'W), 18 Novem-
ber 1961, D. Tuttle (UCDC); 1 male, Yuma County, Palm

Canyon (33°22'N, 1 14°06'W), 10 May 1958, V. Roth (AMNH,
Hoff slide 8^089); 1 male, Yuma County, Palm Canyon, Kofa
Mountains (33°22'N, 1 14°06'W), 10 March 1960, V. Roth

(AMNH, Hoff slide SM094); 2 males, 1 female, Yuma County,

canyon north of Palm Canyon (33°22'N, 1 14°06'W), 6 March
1960, V. Roth (AMNH, Hoff slide SM096.1-3); Califoruki: 1

female, Imperial County, El Centro (32°48'N, 115°34'), 8

December 1927, F.R. Blaisdell (CAS, JC-375.02001); 1 female.

Imperial County, Julian Wash, Black Mountain Road (33°05'N,

114°42'W), 15 January 1983, G. Lowe (WAM T127034); 2

females, Inyo County, Beveridge Canyon, Inyo Mountains

(36°43'N, 117°51'W), 6,500 feel 4 June 1975, D. Giuliani

(FSCA, WM4905.02001-2); 1 male, 1 female, Inyo County,

White Mountains, 6.4 miles NE. of Big Pine (37°14'N,

1 18°13'W), 25 April -22 July 1982, ethylene glycol can trap, D.

Giuliani (FSCA, WM7704); 2 males, 1 female, Los Angeles

County, Mt Baldy Rd, below Mt Baldy village (34°14'N,

117°40'W), 15 April 1987, under rock, G. Lowe (WAM
T 127033); 1 female, Los Angeles County, San Clemente Island

(32°54'N, 118°30'W), 10 April 1923, Crosby (CAS, JC-
734.02001); 1 male, Los Angeles County, Switzers Camp,
Angeles Forest Highway (34°15'31"N, 118°09T8"W), 27 June

1985, G. Lowe (WAM T 127036); 1 tritonymph, Orange County,

Laguna Beach [33°32'N, 1 17°46'W], 28 December 1932, W. Ivie

(CAS, JC-1 748.0200 1 ); 1 male, 1 female. Orange County,

Laguna Beach (33°32'N, 117°46'W), 22 July 1931, W. Ivie

(CAS, JC-1 628.0 100 1-2); 1 male, Orange County, Santa Ana,

Irvine Park (33°45'N, 117°56'W), 17 July 1931, W. Ivie (CAS,

JC-1 824.0 1001); 3 males. Riverside County, 2 miles SE. of

Cabazon, base of mountains (33°53'N, 1 16°46'W), 9 April 1982,

G. Lowe (WAM T 127035); 1 male, Riverside County, Coyote

Canyon (33°40'N, 1 16°22'W), 12 December 1963, ex fern, W.H.
Ewart (UCRC, WM4278; Univ. California Insect Survey

Specimen # 306795); 1 female. Riverside County, Deep Canyon,

1/2 mile S. of Pinyon Crest (turn ol'O, Santa Rosa Mountains

(33°4TN, 116°22'W), 3,600 feet, 5 April 1974, under rock, W.
Icenogle (UCRC, WM5380); 5 males, 2 females. Riverside

County, Deep Canyon, 1/2 mile S. of Pinyon Crest (turn off),

Santa Rosa Mountains (33°41 'N, 1 16°22'W), 3,600 feet, 16 April

1974, under rocks in ravine, W. Icenogle (UCRC, WM5381); 1

male. Riverside County, Lake Herender [not traced], 14 April

1956, from desert plants, I.M. Newell (AMNH, Hoff slide S-

3533); 18 males, 6 females, 1 tritonymph, Riverside County,

Lamb Canyon, 2 miles NW. of Gilman Hot Springs (33°5TN,

1 17°0rW), 1,520 feet, 4 March 1979-23 December 1980, coastal

sage scrub, hillside, ethylene glycol can trap, R.L. Aalbu (FSCA,
WM6300); 2 tritonymph exuviae, Riverside County, near

Riverside (33°57'N, 117°24'W), 26 November 1925, under stone

on a desert hillside, J.C. Chamberlin (CAS, JC-547.01003); 1

male. Riverside County, Santa Rosa Mountains, Deep Canyon
(33°41'N, 116°22'W), 27 April 1979, W. Icenogle (UCRC,
WM6050.01001); 1 female, Riverside County, Snow Creek

(33°53'29"N, 1 16°41'27"W), 29 June 2002, under rock, M.S.

Harvey (WAM T 127032); 2 males, San Diego County, Anza
Borrego State Park,Box Canyon (33°15'N, 116°24'W), 14 April

1981, D. Ubick (CAS); 1 male, San Diego County, Anza-

Borrego Desert State Park (33°14'N, 1 16°16'W), 26 March 1991,

D. Ubick (CAS); 1 male, San Diego County, Sheep Canyon,

Borrego State Park (33°20'N, 116°29'W), 27 April 1955, R.O.

Schuster (UCDC, Hoff slide S-3360.1); 1 male, Tulare County,

Lindsay (36°12'N, 119°05'W), 13 March 1963, W.H. Ewart

(UCRC, WM4276); New Mexico: 2 males, Catron County, Deep
Creek, 13 miles NE. of Glenwood (33°27'N, 108°46'W), 30 July

1979, A. Grubbs (FSCA, WM5855.01001-2).

Diagnosis.—The combined presence of eyes (Fig. 19A),

prolateral face of the chelal hand granulate (Fig. 19B),

trifurcate subterminal tarsal setae with short tines of equal

length (Fig. 19F), median teeth of the fixed chelal finger

noticeably longer than high and with a noticeably sinuate

distal face (Fig. 19D), 22 trichobothria on the fixed chelal

finger and hand (Figs. 5L, 19C), and trichobothrium ib^

situated on approximately same level as eb, esb and isb, and

est4 situated within the ist region (Figs. 19C) distinguishes A.

parvidentatus from all species of the genus.

Description.

—

Adult: Color: pedipalps, carapace and coxal

region red-brown; abdomen pale red-brown; chelicera and legs

light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6, or very rarely 5 or 7 setae; movable

finger with 1 siibdistal seta; galea very slender and elongate;

fixed finger with 2 (male), 6 (female) small teeth; movable

finger with 2 (male), 6 (female) teeth; rallum of 4 blades, each

with several serrations; lamina exterior absent.

Pedipalp (Fig. 19B): trochanter with scattered granulations,

femur granulate on most faces, but coarsely granulate on

prolateral surface, patella lightly granulate on prolateral

margin, chelal hand lightly granulate on prolateral surface at

base of fingers; trochanter 2.06-2.56 (male), 2.17-2.48

(female), femur 3.69^.48 (male), 3.62M.65 (female), patella

2.71-3.42 (male), 2.61-3.34 (female), chela (with pedicel) 3.30-

4.31 (male), 3.17-4.14 (female), chela (without pedicel) 3.09-

4.06 (male), 2.96-3.93 (female), hand (without pedicel) 1.20-

1.63 (male), 1.28-1.58 (female) x longer than broad, movable

finger 1.28-1.69 (male), 1.24-1.62 (female) x longer than hand

(without pedicel). Fixed chelal finger and hand with 22
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trichobothria, movable chelal finger with 10 trichobothria

(Fig. 19C): eb, esb and isb in straight row at base of finger; eb,

esb, isb, it and et regions each with 1 trichobothrium; ib region

with 5 trichobothria; ist region with 6 trichobothria; est region

with 6 trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t

region with 6 trichobothria; sb not dorsally displaced relative

to St; t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus within est region in fixed finger

and basal to t region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger with 29-53 (male), 31-49

(female) low, retrorse teeth; movable finger with ca. 3-15

(male), 5-12 (female) very low teeth, followed by undulations;

base of fixed chelal finger with several small denticles.

Carapace (Fig. 16A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

18-22 (male), 17-21 (female) setae including 4 setae on

anterior margin and 4 (rarely 5) on posterior margin; with

very faint posterior furrow situated close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 5-7: 4: 5: 5: 4

(holotype male); 2 + 7: 5: 5: 5: 6 (female).

Legs: femur + patella 2.14—2.71 (male), 2.30-2.92 (female) x

longer than deep; subterminal tarsal setae trifurcate (Fig. 16E);

arolium longer than claws, deeply divided (Fig. 16E).

Abdomen: tergites and sternites not divided; sclerites

uniseriate, except for sternite II and III of males, which have

scattered setae. Tergal chaetotaxy: holotype male, 2: 4: 4: 6: 7:

6: 6: 6: 6: 6 (including 2 tactile setae): 8 (including 4 tactile

setae): 2; female, 4: 4: 5: 8: 8: 8: 8: 7: 6: 7: 7 (including 4 tactile

setae): 2. Sternal chaetotaxy: male holotype, 7: (1) 6 [3 + 3] (1):

( 1 ) 6 ( 1 ): 8: 9: 8: 8: 8: 6: 8 (including 4 tactile setae): 2; female

from Snow Creek, 10: ( 1 ) 5 ( 1 ): ( 1
)^6

( 1 ): 9: 9: 8: 9: 11:8: 10

(including 4 tactile setae): 2; setae of anterior genital

operculum (sternite II) of female very small. Setae of tergites

and sternites IX-XI acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac deeply bipartite; female with large gonosac, which is

covered with scattered pores.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length 1.76 (1.70-3.15). Pedipalp:

trochanter 0.224/0.109 (0.243-0.385/0.109-0.154), femur

0.550/0.124 (0.513-0.844/0.128-0.205), patella 0.397/0.128

(0.386-0.640/0.132-0.187), chela (with pedicel) 0.941/0.240

(0.872-1.400/0.252-0.396), chela (without pedicel) 0.896

(0.82-1.328), hand (without pedicel) length 0.334 (0.333-

0.557), movable finger length 0.557 (0.493-0.824). Chelicera

0.216/0.097, movable finger length 0.122. Carapace 0.544/

0.400 (0.479-0.665/0.432-0.550); ^eye diameter 0.031. Eeg I:

femur 0.275/0.069, patella 0.139/0.068, tibia 0.202/0.048,

metatarsus 0.125/0.041, tarsus 0.195/0.032. Leg IV: femur +
patella 0.461/0.204 (0.421-0.659/0.185-0.293), tibia 0.306/

0.077, metatarsus 0.164/0.058, tarsus 0.261/0.032.

Eemales: specimen from Snow Creek, California (WAM
T127032) followed by other females (where applicable): Body
length 2.64 (2.03-3.05). Pedipalp: trochanter 0.382/0.161

(0.295-0.422/0.123-0.172), femur 0.739/0.191 (0.582-0.957/

0.141-0.224), patella 0.600/0.205 (0.432-0.688/0.147-0.247),

chela (with pedicel) 1.424/0.383 (1.106-1.514/0.272-0.444),

chela (without pedicel) 1.352 (0.958-1.427), hand (without

pedicel) length 0.560 (0.400-0.610), movable finger length 0.816

(0.531-0.848). Chelicera 0.319/0.145, movable finger length

0.187. Carapace 0.720/0.510 (0.547-0.780/0.429-0'^630); eye

diameter 0.045. Leg I: femur 0.390/0.098, patella 0.203/0.090,

tibia 0.328/0.062, metatarsus 0.180/0.050, tarsus 0.252/0.037.

Leg IV: femur + patella 0.610/0.232 (0.471-0.659/0.179-0.247),

tibia 0.450/0.100, metatarsus 0.230/0.072, tarsus 0.335/0.042.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 6 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 1.73, femur 2.72, patella 2.72, chela

(with pedicel) 4.49, chela (without pedicel) 4.24 x longer than

broad. Fixed finger with 15 trichobothria, movable finger with 8

trichobothria (Fig. 19E); eh, esb, it and et regions each with 1

trichobothrium; ih region with 3 trichobothria; ist region with 3

trichobothria; est region with 4 trichobothria; et slightly distal to

it; h region with 2 trichobothria; st region with 1 trichobothrium;

t region with 5 trichobothria; isb and sb absent. Chelal hand with

retrolateral condyle small and rounded.

Carapace: anterior margin medially prominent; 1 pair of

small eyes present; with 18 setae, including 4 setae on anterior

margin and 4 setae on posterior margin.

Coxal region: posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adults.

Dimensions (mm): Body length 1.28. Pedipalp: trochanter

0.242/0.147, femur 0.490/0.133, patella 0.364/0.134, chela (with

pedicel) 0.854/0.190, chela (without pedicel) 0.806, hand

(without pedicel) length 0.317, movable finger length 0.513.

Carapace 0.435/0.390*^

Trichobothrial variation.—The four specimens from Los

Angeles County, California (WAM T1 27033, T127036 and

CAS JC-734.02001 ) and one of the males from San Diego

County (Anza-Borrego) (CAS) each have only 20 trichobo-

thria on both chelal fingers, which is generally formed by the

presence of only 4 trichobothria in the ib region and 5 in the ist

region. In one specimen from Switzer Camp (WAM T 127036),

there are 4 trichobothria in the ib region and only 4 in the ist

region. The two females from Marijilda Canyon, Arizona

(UCDC) appear to have only 21 trichobothria on each chela

with a single trichobothrium absent from the ist region. The

uncertainty is due to the poor quality of the slide preparations.

The male from Fortiina Mine, Arizona (AMNH Hoff slide S-

4103.1) has only 21 trichobothria on the left chela and 22

trichobothria on the right chela, with the missing trichobo-

thrium from the ist region.

Remarks.

—

Chamberlin (1930) described and named this

species from the adult holotype male from Palm Canyon,

California. He also had listed a “dead and immature female

(JC-547.01003), together with its cast skin.” This slide-

mounted material actually consists of the exuviae of two

tritonymphs, along with a single silken molting chamber,

which is included in the slide-mount.

There is considerable size variation within this species but

there appear to be no consistent features that may be used to

suggest there is more than one species present. For example, the

two specimens (the male holotype and a female from Snow
Creek) used to provide much of the individual data in the
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Figure 20 .—Albiorix piiebla Harvey & Muchmore sp. nov., male holotype: A. Carapace, dorsal; B. Right pedipalp, dorsal; C. Left chela,

lateral; D. Detail of fixed chelal finger; E. Tip of right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (B); 0.25 mm (A, C);

0.1 mm (D, E).

description were collected only 19 km apart but are considerably

different in size, as the male holotype has a chela (with pedicel)

length of 0.94 mm and the female from Snow Creek is 1 .42 mm.
Albiorix parvidentatiis is found throughout southern Cali-

fornia, Arizona, south-western New Mexico and north-

western Mexico (Fig. 3A). Specimens are most frequently

recorded under rocks in dry ecosystems.

Albiorix puehla Harvey & Muchmore, sp. nov.

Figs. 3C, 20

Material examined.

—

Holotvpe. MEXICO: Puebla: male,

Tehuacan (18°28'N, 97°24'W), 6 July 1941, H. Dybas (CAS,

JC-2190.01001).

Paratvpe. 1 male, collected with holotype (CAS, JC-
2190.01002).

Diagnosis .—Albiorix puebla shares with A. retrodentatiis the

strongly sinuate distal face of the teeth of the fixed chelal

finger, but is slightly smaller (e.g., chela (with pedicel) length

0.963-0.976 mm versus 1.065-1.448 mm in A. retrodentatus),

and trichobothrium istj is situated directly dorsal to ist^, but is

slightly dorso-distal to ist^ in A. retrodentatus.

Description.

—

Adult: Color: pedipalps and carapace red-

brown, legs and chelicerae light brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 3 (male) small teeth; movable finger with 3 (male) teeth;

rallum of 4 blades, each with several serrations; lamina

exterior absent.

Pedipalp (Fig. 20B): trochanter granulate on all faces,

femur and patella lightly granulate on prolateral margin,

chelal hand with granulations on prolateral margin at base of

fingers; trochanter 2.19-2.35 (male), femur 4.01^.08 (male),

patella 2.95-3.05 (male), chela (with pedicel) 3.64-3.76 (male),

chela (without pedicel) 3.43-3.56 (male), hand (without

pedicel) 1.39-1.48 (male) x longer than broad, movable finger
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1.41-1.44 (male) x longer than hand (without pedicel). Fixed

chelal finger and hand with 22 trichobothria, movable chelal

finger with 10 trichobothria (Fig. 20C): eh, esh and ish in

straight row at base of finger; eb, esh, ish, it and et regions each

with 1 trichobothrium; ih region with 5 trichobothria; ist region

with 6 trichobothria; est region with 6 trichobothria; et slightly

distal to it; h region with 2 trichobothria; sb and st regions each

with 1 trichobothrium; t region with 6 trichobothria; sb not

dorsally displaced relative to st; t region not overlapping with

est region. Venom apparatus present in both chelal fingers,

venom duct terminating in nodus ramosus within est region in

fixed finger and basal to / region in movable finger. Chelal hand

with retrolateral condyle small and rounded. Chelal teeth

evenly spaced and juxtadentate: fixed finger with 31-36 (c?) low,

retrorse teeth, most with strongly sinuate distal face; movable

finger with ca. 1-5 {<S) low teeth; base of fixed chelal finger with

several small denticles.

Carapace (Fig. 20A): lateral margins evenly convex; w'ith 2

small bulging eyes; anterior margin medially prominent; with

20 setae including 4 setae on anterior margin and 4 on

posterior margin; with very faint posterior furrow situated

close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7: 5: 6: 6: 7 (male).

Legs: femur + patella 2.27-2.36 (male) x longer than deep;

subterminal tarsal setae trifurcate (Fig. 20E); arolium longer

than claws, deeply divided (Fig. 20E).

Abdomen: tergites and sternites not divided; sclerites

uniseriate. Tergal chaetotaxy: male, 4: 4: 6: 6: 7: 8: 8: 8: 6: 7

(including 4 tactile setae): 7 (including 4 tactile setae): 2.

Sternal chaetotaxy: male, 7: (1) 14 [3 + 3] (1): (1) 8 (1): 10: 11:

11: 1 1 : 9: 9: 8 (including 4 tactile setae): 2. Setae of tergites and

sternites IX-XI acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac deeply bipartite.

Dimensions (mm): Males: holotype followed by paratype

(where applicable): Body length ca. 2.0 (ca. 1.8). Pedipalp:

trochanter 0.280/0.128 (0.258/0.110), femur 0.595/0.146 (0.589/

0.147), patella 0.454/0.149 (0.448/0.152), chela (with pedicel)

0.976/0.268 (0.963/0.256), chela (without pedicel) 0.920 (0.912),

hand (without pedicel) length 0.372 (0.378), movable finger length

0.536 (0.534). Chelicera 0.256/0.148. Carapace 0.575/0.433 (0.555/

0.403); eye diameter 0.030. Leg I: femur 0.274/0.078, patella 0. 137/

0.072, tibia 0.224/0.053, metatarsus 0.134/0.042, tarsus 0.211/

0.033. Leg IV: femur + patella 0.485/0.214 (0.467/0.198), tibia

0.340/0.084, metatarsus 0.175/0.061, tarsus 0.260/0.040.

Remarks .—Albiorix puebla is a small species that is similar

to A. retrodentatus, but is substantially smaller and has

trichobothrium isti in a slightly different position. It is known
only from a single location in the southeastern region of

Puebla state, in southern Mexico, some 230 km east of A.

retrodentatus and not far from the only known collection

localities of A. mirahilis and A. oaxaca (Fig. 3C).

Etymology.—The specific epithet is a noun in apposition based

on Puebla, the Mexican state in which the type locality is based.

Albiorix retrodentatus Hoff 1945

Figs. 3C, 21

Albiorix retrodentatus Hoff 1945:6-8, figs 10-16; Hoff
1958:15; Hoff 1959:4, etc.; Rowland and Reddell 1976:16;

Harvey 1991:318; Ceballos 2004:428; Harvey 2013:unpagi-

nated.

Albiorix holivari Beier 1963:133-134, Fig. 1. Syn. nov.

Not Albiorix retrodentatus Hoff: Hoff 1956:25-26 (misidenti-

fication; see Albiorix conodentatus Hoff).

Material examined .—Holotype of A. retrodentatus. MEX-
ICO: Guerrero: male, Mexcala (17°56'N, 99°37'W), 2 July

1941, L.I. Davis (AMNH, Hoff slide S-1 14.5-5453).

Paratype A. retrodentatus. MEXICO: Guerrero: 1 male,

same data as holotype (AMNH, Hoff slide S-1 14.3-5202).

Paratypes of A. bolivari. MEXICO: Guerrero: 2 male,

Gruta de Acuitlapan, 12 km NE. of Taxco (18°35'N,

99°35'W), 1,500 m, 5 May 1963, C. Bolivar et al. (CNAN,
WM1820.01001-2).

Other material. MEXICO: Miclioacan: 1 tritonymph, 5

miles SW. of Tiquicheo (18°51'N, 100°48'W), 8 July 1970, E.

Fisher, P. Sullivan (UCDC).
Diagnosis.—The medial teeth of the fixed chelal finger of A.

retrodentatus are similar to A. puebla as both have strongly sinuate

distal margins, unlike all other species of the genus. Albiorix

retrodentatus differs from A. puebla in its larger size and in the

position of trichobothrium isti, which is slightly dorso-distal to ist^

in A. retrodentatus but is directly dorsal to ist^ in A. puebla.

Description.

—

Adult: Color: pedipalps and carapace deep

red-brown; chelicerae and legs yellow-brown; tergites and

sternites pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 3 (male) medium teeth, plus 4 very small distal teeth;

movable finger with 4 (male) teeth; rallum of 4 blades, each

with several serrations; lamina exterior absent.

Pedipalp (Fig. 2 IB): trochanter with scattered granulations,

strongest on retrolateral face, femur granulate on most faces,

but strongest on prolateral surface, patella granulate on

prolateral margin, chelal hand very sparsely granulate on

prolateral margin at base of fingers; trochanter 2.10-2.57

(male), femur 4.01-4.08 (male), patella 2.71-3.10 (male), chela

(with pedicel) 3.63-3.98 (male), chela (without pedicel) 3.44—

3.78 (male), hand (without pedicel) 1.39-1.56 (male) x longer

than broad, movable finger 1.44-1.50 (male) x longer than

hand (without pedicel). Fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 2 1C): eb, esh and Lsb in straight row at base of finger; eh,

esh, Lsb, it and et regions each with 1 trichobothrium; ih region

with 4 trichobothria; ist region with 5 trichobothria; est region

with 6 trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t

region with 6 trichobothria; sb not dorsally displaced relative

to st; t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus near est region in fixed finger

and basal to t region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger with 43-52 (male) low,

retrorse teeth; movable finger with ca. 7-8 (male) low teeth;

base of fixed chelal finger with several small denticles.

Carapace (Fig. 21A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

20 setae including 4 setae on anterior margin and 4 on
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Figure 21 .—Alhiorix retrodentalus Hoff, male holotype, unless stated otherwise: A. Carapace, dorsal; B. Left pedipalp, dorsal; C. Left chela,

lateral, male paratype; D. Detail of fixed chelal finger, male paratype; E. Left chela, tritonymph (UCDC); F. Detail of fixed chelal finger,

tritonymph (UCDC); G. Tip of right tarsus IV, only subterminal tarsal setae shown. Scale lines = 0.5 mm (B, C); 0.25 mm (A); 0.2 mm (E);

0.1 mm (D, F, G).

posterior margin; with very faint posterior furrow situated

close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 8; 7: 7; 8: 7

(male).

Legs: femur + patella 2.26-2.62 (male) x longer than deep;

subterminal tarsal setae trifurcate (Fig. 21G); arolium longer

than claws, deeply divided (Fig. 21G).

Abdomen: tergites and sternites not divided; sclerites

Liniseriate. Tergal chaetotaxy: male, 4: 7: 8; 8: 8: 8: 8: 8: 8: 8:

9 (including 2 tactile setae): 2. Sternal chaetotaxy: male, 8: (1)

12 [3 + 3] (1): (1) 7 (1): 13: 12: 11: 11: 11: 10: 8 (including 4

tactile setae): 2. Setae of tergites and sternites IX-XI
acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

deeply bipartite.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length 2.22 (2.35-2.61). Pedipalp:

trochanter 0.326/0.155 (0.2^95-0.398/0.148-0.155), femur

0.784/0.192 (0.600-0.711/0.170-0.187), patella 0.650/0.210

(0.682-0.711/0.180-0.198), chela (with pedicel) 1.373/0.378

(1.065-1.448/0.320-0.370), chela (without pedicel) 1.301

(0.995-1.400), hand (without pedicel) length 0.525 (0.460-

0.570), movable finger length 0.790 (0.770-0.848). Chelicera

0.301/0.156. Carapace 0.704/0.563 (0.651-0.720/0.503-0.611);

eye diameter 0.078. Leg I: femur 0.0355/0.101, patella 0.193/

0.095, tibia 0.296/0.063, metatarsus 0.167/0.051, tarsus 0.262/

0.038. Leg IV: femur + patella 0.636/0.282 (0.620-0.675/0.265-
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0.272), tibia 0.448/0.103, metatarsus 0.215/0.074, tarsus 0.339/

0.050.

Tritonymph: Chelicera: galea long, slightly curved; hand

with 6 setae, movable finger with 1 seta; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 1.99, femur 3.53, patella 3.79, chela

(with pedicel) 3.33, chela (without pedicel) 3.1 1 X longer than

broad. Fixed finger with 15 trichobothria, movable finger with

8 trichobothria (Fig. 2 IE); eb, esh, it and et regions each with

1 trichobothrium; ih region with 4 trichobothria; ist region

with 3 trichobothria; est region with 4 trichobothria; et slightly

distal to /7; h region with 2 trichobothria; st region with 1

trichobothrium; t region with 5 trichobothria; ish and sh

absent. Chela! hand with retrolateral condyle small and

rounded.

Carapace: anterior margin medially prominent; 1 pair of

small eyes present; with 21 setae including 4 setae on anterior

margin and 4 setae on posterior margin.

Coxal region; posterior maxillary lyrifissure present, sub-

basal.

Legs: much as in adults.

Dimensions (mm): Body length 2.35. Pedipalp: trochanter

0.295/0.148, femur 0.600/0.170, patella 0.682/0.180, chela (with

pedicel) 1.065/0.320, chela (without pedicel) 0.995, hand

(without pedicel) length 0.460, movable finger length 0.550.

Carapace 0.651/0.503.

Remarks .—Alhiorix retrodeutatus was described by Hoff

(1945) from two males collected in Guerrero state, in southern

Mexico, but has rarely been mentioned since. Hoff (1956)

identified two male specimens from Eddy County, New
Mexico as A. retrodentatus. We have examined one of these

specimens (from Whites City, erroneously called White City

by Hoff) and found that it conforms very closely to specimens

of A. conodentatus and that both samples were misidentified.

Beier (1963) described A. holivari from a female holotype

and six paratypes consisting of four males, a female and a

tritonymph collected within Gruta de Acuitlapan, Guerrero,

Mexico. We have had access to two of these male paratypes,

which were slide-mounted by WBM. Beier ( 1963) justified A.

bolivari as distinct from A. magmis based on several

morphological differences and from A. retrodentatus on the

slimmer pedipalpal segments. We find that while A. bolivari is

indeed distinct from A. conodentatus, it cannot be easily

separated from A. retrodentatus, with the chelae being nearly

identical in size and shape. The type specimens of both species

possess very characteristic teeth of the fixed chelal finger

where the distal margins are sinuate, rather than straight.

Hoffs (1945) description of A. retrodentatus included illustra-

tions of the chelal teeth, but his Fig. 13 of the fixed finger

failed to illustrate the sinuate shape. As we cannot find any

other significant differences between the types of A. retro-

dentatus and A. bolivari, which were collected only 70 km from
each other (Fig. 3C), we formally synonymize them, with A.

retrodentatus taking priority over A. bolivari.

The tritonymph from Michoacan is tentatively associated

with A. retrodentatus. The distal margins of the teeth of the

fixed chelal finger are sinuate, but not strongly so, and may
represent a different species. However, it was collected only

164 km from the type locality of A. retrodentatus and 133 km
from the type locality of A. bolivari.

Albiorix retrodentatus is known only from a small region of

southern Mexico, in the states of Guerrero and Michoacan

(Fig. 30.

Alhiorix rosario Harvey & Muchmore sp. nov.

Figs. 3B, 22

Material examined.

—

Holotype. MEXICO; Baja Califorjiia:

male, 15 km E. of Rosario (30°04'N, 115°46'W), 7 February

1984-2 April 1985, pitfall trap, W.H. Clark (FSCA,
WM7 130.02001).

Diagnosis .—Albiorix rosario most closely resembles A.

edentatus in having very low teeth of the fixed chelal finger

that are much longer than high (Fig. 22D). It differs from A.

edentatus in having bifurcate subterminal tarsal setae

(Fig. 22E), and trichobothria .sb and st situated much closer

to each other than to b^ (Fig. 22C).

Description.

—

Adult: Color: pedipalps, carapace and coxal

region red-brown; abdomen pale red-brown; chelicera and legs

light yellow-brown.

Setae: generally long, straight and acicular.

Chelicera; hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 3 (male) small teeth; movable finger with 2 (male) very

small teeth; rallum of 4 blades, each with several serrations;

lamina exterior absent.

Pedipalp (Figs. 22B, 22C): trochanter with scattered gran-

ulations, femur coarsely granulate on prolateral face and

lightly granulate on retrolateral face, more prominent in basal

half, and patella lightly granulate on prolateral face, chelal

hand lightly granulate on prolateral surface at base of fingers,

but smooth on retrolateral face; trochanter ? (damaged),

femur 3.95 (male), patella 2.99 (male), chela (with pedicel) ?

(poorly oriented), chela (without pedicel) ? (poorly oriented),

hand (without pedicel) ? (poorly oriented) x longer than broad,

movable finger 1.54 (male) x longer than hand (without

pedicel). Fixed chelal finger and hand with 20 trichobothria,

movable chelal finger with 10 trichobothria (Fig. 22C): eb, esb

and isb in straight row at base of finger; eb, esb, i.sb, it and et

regions each with 1 trichobothrium; ib region with 4

trichobothria; ist region with 5 trichobothria; est region with

6 trichobothria; et slightly distal to it; b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t

region with 6 trichobothria; sb not dorsally displaced relative

to st; t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus within est region in fixed finger

and at base of t region in movable finger. Chelal hand with

retrolateral condyle small and rounded. Chelal teeth evenly

spaced and juxtadentate: fixed finger with 29 (male) very low,

retrorse teeth, each much longer than high; movable finger

without any obvious teeth; base of fixed chelal finger with

several small denticles.

Carapace (Fig. 22A); lateral margins evenly convex; 1.25

(male) x longer than broad; with 2 small bulging eyes; anterior

margin medially prominent; with 20 (male) setae including 4

setae on anterior margin and 4 on posterior margin; with very

faint posterior furrow situated close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7: 5: 5: 5: 6

(male).
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Figure 22 .—Alhiorix rosario Harvey & Miichmore sp. nov., male holotype: A. Carapace, dorsal; B. Right pedipalp, except chela, dorsal; C.

Right chela, lateral; D. Detail of fixed chelal finger; E. Tip of right tarsus IV, only subtemiinal tarsal seta shown. Scale lines = 0.5 mm (A, B, C);

0.1 mm (D, E).

Legs: femur + patella 2.20 (male) x longer than deep;

subterminal tarsal setae bifurcate, each tine short (Fig. 22E);

arolium longer than claws, deeply divided (Fig. 22E).

Abdomen: tergites and sternites not divided; sclerites

uniseriate, except for sternite II, which has scattered setae.

Tergal chaetotaxy: male, 4: 4: 5: 8: 6: 6: 8: 6: 6: 8 (including 2

tactile setae): 7 (including 4 tactile setae): 2. Sternal

chaetotaxy: male, 8: (1) 8 [2 + 3] (1): (1) 6 (1): 9: 9: 8: 9: 7:

6: 7 (including 3 tactile setae): 2. Setae of tergites and sternites

IX-Xl acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite.

Dimensions (mm): Male: holotype: Body length 1.94.

Pedipalp: trochanter 0.280/? (damaged), femur 0.609/0.154,

patella 0.479/0.160, chela (with pedicel) 1.021/7 (poorly

oriented), chela (without pedicel) 0.941, hand (without pedicel)

length 0.385, movable finger length 0.592. Chelicera 0.223/

0.112; movable finger length 0.132. Carapace 0.570/0.455; eye

diameter 0.032. Leg I: femur 0.269/0.082, patella 0.147/0.077,

tibia 0.214/0.054, metatarsus 0.188/0.044, tarsus 0.177/0.034.

Leg IV: femur + patella 0.466/0.212, tibia 0.327/0.090,

metatarsus 0.154/0.064, tarsus 0.230/0.044.

Remarks.—The holotype and only known specimen of A.

rosario is missing the left pedipalp, and the right chela is

mounted in a lateral view. Therefore, it is not possible to

calculate the width of the chelal hand.

Alhiorix rosario has only been found at a single location in

northern Baja California, Mexico (Fig. 3B).

Etymology.—The specific epithet is a noun in apposition

based on the type locality, El Rosario.
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Figure 23 .—Alhiorix sarahae Harvey & Muchmore sp. nov., male holotype: A. Carapace, dorsal; B. Right pedipalp, dorsal; C. Left chela,

lateral; D. Detail of fixed chelal finger; E. Tip of right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (B, C); 0.2 mm (A);

0.1 mm (D, E).

Alhiorix sarahae Harvey & Muchmore sp. nov.

Figs. 3A, 23

Material examined.

—

Holotype. USA: California: male, San
Bernardino County, Soda Lake Zzyxx Field Station

(35°10.323'N, 116°06.596'W), 12-14 April 2005, under rocks

on hillside, S. Crews (CAS).

Paratype. USA; California: 1 female, Inyo County, Death
Valley National Park, Highway 178, 1.8 miles E. of Salsberry

Gap (35°56.961'N, 1 16°24.793'W), 1,270 feet, 23 September

2001, rocky alluvial fan, M. Hedin, S. Crews, J. Starrett (CAS).

Diagnosis.—Alhiorix sarahae most closely resembles A.

vigintus and A. gertschi in the position of trichobothrium ih=;

which is displaced distally. It differs from both these species by
the presence of 21 trichobothria, in which the missing

trichobothrium is istj.

Description.

—

Adult: Color: pedipalps, coxae and carapace

deep yellow-brown, legs and chelicerae pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 4 (male), 6 (female) small teeth; movable finger with 5

(male), 4 (female) teeth; rallum of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 23B): trochanter with scattered granulations,

more prominent on retrolateral margins, femur coarsely

granulate on prolateral surface, lightly granulate elsewhere,

patella lightly granulate on prolateral surface, chelal hand

lightly granulate on prolateral and retrolateral surface at base

of fingers; trochanter 2.51 (male), 2.53 (female), femur 5.08

(male), 4.37 (female), patella 3.40 (male), 3.06 (female), chela
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(with pedicel) 4.37 (male), 3.69 (female), chela (without

pedicel) 4.16 (male), 3.50 (female), hand (without pedicel)

1.58 (male), 1.43 (female) x longer than broad, movable finger

1.67 (male), 1.46 (female) x longer than hand (without

pedicel). Fixed chelal finger and hand with 21 trichobothria,

movable chelal finger with 10 trichobothria (Fig. 23C): eb, esh

and isb in straight row at base of finger; eb, esb, isb, it and et

regions each with 1 trichobothrium; ib region with 4

trichobothria, ib^ displaced distally in advance of eb, esb and

isb\ ist region with 6 trichobothria, ist] absent; est region with

6 trichobothria; et slightly distal to if, b region with 2

trichobothria; sb and st regions each with 1 trichobothrium; t

region with 6 trichobothria; sb not dorsally displaced relative

to sf, t region not overlapping with est region. Venom
apparatus present in both chelal fingers, venom duct

terminating in nodus ramosus at distal end of est region in

fixed finger and basal to / region in movable finger. Chelal

hand with retrolateral condyle small and rounded. Chelal

teeth evenly spaced and juxtadentate: fixed finger with 53

(male), 44 (female) low, retrorse teeth; movable finger with 10

(male), 6 (female) obvious, low teeth, followed by additional

very low teeth; base of fixed chelal finger with several small

denticles.

Carapace (Fig. 23A): lateral margins evenly convex; with 2

small bulging eyes; anterior margin medially prominent; with

24 (male), 22 (female) setae including 4 setae on anterior

margin and 4 on posterior margin; with very faint posterior

furrow situated close to posterior margin.

Coxal region: manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 8: 4: 5: 5: 7

(male); 2 + 8: 5: 5: 5: 6 (female).

Legs: femur + patella 2.71 (male), 2.87 (female) x longer

than deep; subterminal tarsal setae trifurcate (Fig. 23E);

arolium longer than claws, deeply divided (Fig. 23E).

Abdomen: tergites and sternites not divided; sclerites

uniseriate. Tergal chaetotaxy: male, 4: 4: 6: 6: 6: 6: 6: 8: 8: 8:

8 (including 4 tactile setae): 2; female, 4: 4: 4: 8: 8: 8: 8: 9: 8: 7:

8 (including 4 tactile setae): 2. Sternal chaetotaxy: male, 6: (1)

13 [3 + 3] (1): (1)6(1): 12: 10: 10: 9: 10: 8: 5 (including 3 tactile

setae): 2; female, 6: (1) 6 (1): (1) 8 (1): 10: 10: 9: 9: 8: 9: 10

(including 4 tactile setae): 2; setae of anterior genital

operculum (sternite II) of female very small. Setae of tergites

and sternites IX-XI acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite; female with large gonosac, which is covered with

scattered pores.

Dimensions (mm): Males: holotype: Body length 2.22.

Pedipalp: trochanter 0.402/0.160, femur 1.000/0.197, patella

0.720/0.212, chela (with pedicel) 1.660/0.380, chela (without

pedicel) 1.580, hand (without pedicel) length 0.600, movable

finger length 1.003. Chelicera 0.323/0.142, movable finger

length 0.190. Carapace 0.845/0.555; eye diameter 0.040. Leg I:

femur 0.461/0.109, patella 0.261/0.098, tibia 0.360/0.065,

metatarsus 0.207/0.050, tarsus 0.305/0.038. Leg IV: femur +

patella 0.752/0.277, tibia 0.543/0.111, metatarsus 0.255/0.077,

tarsus 0.390/0.050.

Female: paratype: Body length 2.08. Pedipalp: trochanter

0.418/0.165, femur 0.895/0.205, patella 0.700/0.229, chela (with

pedicel) 1.590/0.431, chela (without pedicel) 1.507, hand

(without pedicel) length 0.618, movable finger length 0.900.

Chelicera 0.330/0.158, movable finger length 0.188. Carapace

0.792/0.540; eye diameter 0.040. Leg I: femur 0.425/0.103,

patella 0.215/0.092, tibia 0.321/0.064, metatarsus 0.180/0.054,

tarsus 0.387/0.041. Leg IV: femur + patella 0.700/0.244, tibia

0.502/0.109, metatarsus 0.251/0.070, tarsus 0.380/0.048.

Remarks.

—

This species is known from two localities

situated in the Mojave Desert in eastern California (Fig. 3A).

Etymology.—This species is named for Sarah Crews, who
collected both specimens.

AlMorix vigintm Harvey & Muchmore sp. nov.

Figs. 3A, 24

Albiori.x mexicamis Chamberlin 1930:45 (in part, specimen

from Nevada).

Material examined.

—

Holotype. USA: Utah: male. Saint

George, Washington County (37°06'N, 113°35'W), 26 April

1935, G.F. Knowlton, C.F. Smith (CAS, JC-1069.01001).

Paratypes. USA: Arizona: 2 males, 3 miles N., 7 miles E.

of Littlefield, Virgin River, Mohave County (36°57'N,

113°48'W), 28 March-1 October 1982, D. Giuliani (FSCA,
WM7705); Nevada: 1 male, Newberry Mts. at Pipe Springs

Road junction, Clark County (35°16'N, 114°41'W), 28

September-7 October 1994, Larrea desert, W.L. Pratt

(CAS); Utah: 1 male, collected with holotype (CAS, JC-
1069.01002); 1 male, 2 miles E. of Washington, Washington

County (37°08'N, 113°26'W), 20 May-8 June 1980, pit trap,

sandy sagebrush and creosote area, R. Hardy (FSCA,
WM5805.01001 ); 1 female. Saint George, Washington County
(37°06'N, 113°35'W), 19 March 1924, V.M. Tanner (CAS,

JC-245.01001).

Diagnosis.

—

Albiori.x vigintiis most closely resembles A.

gertschi and A. sarahae in having trichobothrium ib^ situated

distally (Fig. 24A), but unlike these two species, which have 22

and 21 trichobothria on the fixed chelal finger and hand,

respectively, it has only 20 trichobothria with only 4

trichobothria in the ist group (Figs. 24A, 24B).

Description.

—

Adult: Color: pedipalps, coxae and carapace

deep yellow-brown, legs and chelicerae pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

subdistal seta; galea very slender and elongate; fixed finger

with 5 (male), 6 (female) small teeth; movable finger with 5

(male), 5 (female) teeth; rallum of 4 blades, each with several

serrations; lamina exterior absent.

Pedipalp (Fig. 24A): trochanter with scattered granulations,

femur coarsely granulate on most faces, more strongly

granulate on prolateral face, patella coarsely granulate on

prolateral face, chelal hand lightly granulate on prolateral and

retrolateral surfaces at base of fingers; trochanter 2.18-2.37

(male), 2.41-2.50 (female), femur 4.43-4.82 (male), 4.39^.67

(female), patella 2.85-3.67 (male), 3.30-3.58 (female), chela

(with pedicel) 3.92^.18 (male), 3.78^.13 (female), chela

(without pedicel) 3.75-3.95 (male), 3.69-3.93 (female), hand

(without pedicel) 1.54-1.63 (male), 1.49-1.59 (female) x longer

than broad, movable finger 1.39-1.55 (male), 1.45-1.61

(?female) x longer than hand (without pedicel). Fixed chelal

finger and hand with 20 trichobothria, movable chelal finger

with 10 trichobothria (Fig. 24B): eb, esb and isb in straight

row at base of finger; eb, esb, isb, it and et regions each with 1

trichobothrium; ib region with 5 trichobothria, ib^ displaced
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Figure 24 .—Alhiorix vigintiis Harvey & Muchmore sp. nov., male holotype: A. Left pedipalp, dorsal; B. Right chela, lateral; C. Detail of fixed

chelal finger; D. Tip of right tarsus IV, only subterminal tarsal seta shown. Scale lines = 0.5 mm (A, B); 0.1 mm (C, D).

distally in advance of eb, esh and «/t; ist region with 4

trichobothria; est region with 6 trichobothria; el slightly distal

to //; h region with 2 trichobothria; sh and st regions each with

1 trichobothrium; t region with 6 trichobothria; sb not dorsally

displaced relative to st\ t region not overlapping with est

region. Venom apparatus present in both chelal fingers,

venom duct terminating in nodus ramosus within est region

in fixed finger and basal to t region in movable finger. Chelal

hand with retrolateral condyle small and rounded. Chelal

teeth evenly spaced and juxtadentate: fixed finger with 39-52

(male), 50-54 (female) low, retrorse teeth (Fig. 24C); movable

finger with ca. 9-16 (male), 12-15 (female) obvious, low teeth,

followed by additional very low teeth; base of fixed chelal

finger with several small denticles.

Carapace: lateral margins evenly convex; with 2 small

bulging eyes; anterior margin medially prominent; with 22-25

(male), 22 (female) setae including 4 setae on anterior margin

and 4 (occasionally 3) on posterior margin; with very faint

posterior furrow situated close to posterior margin.

Coxal region; manducatory process somewhat pointed, with

2 long apical acuminate setae; chaetotaxy 2 + 7: 6: 7: 6: 7

(male); 2 + 7: 5: 6: 5: 6 (female).

Legs: femur + patella 2.25-2.38 (male), 2.73-2.77 (female)

X longer than deep; subterminal tarsal setae trifurcate

(Fig. 24D); arolium longer than claws, deeply divided

(Fig. 24D).

Abdomen: tergites and sternites not divided; sclerites

uniseriate, except for male sternites II and III where the setae

are scattered. Tergal chaetotaxy: holotype male, 4; 5; 5: 6: 7: 7:

8: 8; 6: 8 (including 4 tactile setae): 7 (including 4 tactile setae):

2; female, 3: 4: 5; 6: 7: 8: 6: 6: 6: 6 (including 2 tactile setae); 7

(including 4 tactile setae): 2. Sternal chaetotaxy: holotype

male, 6: ( 1 ) 1
1 [3 + 3] ( 1 ): ( 1 ) 7 ( 1 ): 8: 9: 8: 9: 9: 8; 8 (including 4

tactile setae): 2; female, 6: (1) 6 (1): (1) 6 (1); 8: 8: 8: 8: 7; 8: 8

(including 4 tactile setae): 2; setae of anterior genital

operculum (sternite II) of female very small. Setae of tergites

and sternites IX-XI acuminate; with several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac bipartite; female with large gonosac, which is covered with

scattered pores.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length 2.46 (1.73-2.68). Pedipalp:

trochanter 0.367/0.157 (0.294-0.371/0.135-0.161), femur

0.834/0.173 (0.773-0.856/0.170-0.180), patella 0.635/0.173

(0.493-0.654/0.173-0.186), chela (with pedicel) 1.376/0.340

(1.328-1.472/0.339-0.352), chela (without pedicel) 1.320

(1.270-1.392), hand (without pedicel) length 0.554 (0.522-

0.574), movable finger length 0.768 (0.760-0.835). Chelicera

0.309/0.156; movable finger length 0.184. Carapace ?/?

(damaged) (0.603-0.708/?); eye diameter 0.038. Leg I: femur

0.400/0.099, patella 0.201/0.087, tibia 0.312/0.061, metatarsus

0.167/0.049, tarsus 0.253/0.040. Leg IV: femur + patella 0.656/

0.291 (0.653/0.274), tibia 0.460/0.rU, metatarsus 0.231/0.070,

tarsus 0.333/0.045.

Females: paratype (JC-245.01001 ) followed by other

females (where applicable): Body length 2.65 (1.76-2.45).

Pedipalp: trochanter 0.420/0.168 (0.380-0.388/0.158-0.157),

femur 0.941/0.202 (0.835-0.920/0.190-0.197), patella 0.686/
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Figure 25.—Graph depicting chela (without pedicel) length versus

chela width, for all Alhiorix spp. except A. rosario Harvey &
Muchmore sp. nov. as the sole specimen has the chela

mounted laterally.

0.196 (0.610-0.681/0.185-0.190), chela (with pedicel) 1.544/

0.408 (but slightly damaged and nattened) (1.446-1.556/0.350-

0.383), chela (without pedicel) 1.506 (1.377-1.490), hand

(without pedicel) length 0.616 (0.555-0.571), movable finger

length 0.896 (0.825-0.917). Chelicera 0.344/0.168, movable

finger length 0.205. Carapace 0.778/? (damaged) (0.740-0.743/

0.504-0.524); eye diameter 0.045. Leg I: femur 0.422/0.109,

patella 0.208/0.097, tibia 0.331/0.066, metatarsus 0.181/0.057,

tarsus 0.275/0.040. Leg IV; femur + patella 0.701/0.257 (0.710/

0.256), tibia 0.481/0.104, metatarsus 0.243/0.071, tarsus 0.352/

0.051.

Remarks.—This species is known from a small area of the

Rocky Mountains in south-western Utah, southern Nevada
and north-western Arizona (Fig. 3A).

Etymology.—The specific epithet refers to the presence of

only 20 trichobothria on the fixed chelal finger and hand
(viginti, Latin, twenty).

Genus Ideoroncus Balzan 1887

Ideoroncus Balzan 1887: no pagination; Balzan 1890:443-444;

Chamberlin 1930:44; Beier 1932a: 17 1-1 72; Mahnert

1984a:653; Harvey 1991:319; Harvey 2013:unpaginated.

Ideohisium (Ideoroncus) Balzan: Balzan 1892:540; With

1906:81.

Type species.

—

Ideoroncus pallidus Balzan 1 887, by monotypy.

Diagnosis.—Species of Ideoroncus differ from all other

ideoroncid genera by the dorsal displacement of trichobo-

thrium sh on the movable chelal finger.

Description.

—

Adult: setae: long, straight and acicular.

Chelicera: hand with 5 or occasionally 6 setae; movable

finger with 1 long subdistal seta; rallum of 4 thickened blades,

all blades serrate; lamina exterior absent; galea long and

slender.

Pedipalps; long and slender. Patella with disto-prolateral

excavation. Fixed chelal finger and hand with 20 or 21

trichobothria (rarely 22), movable chelal finger with 10

trichobothria: eh region with 1 trichobothrium; est region

with 6 trichobothria; ih region with 4 trichobothria; ist region

with 5 or 6 trichobothria; h region with 2 trichobothria; sh and

St regions with 1 trichobothrium; and t region with 6

trichobothria; sh dorsally displaced relative to sf, st not

ventrally displaced. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus distal to est

region in fixed finger and near t region in movable finger.

Chelal teeth small and evenly spaced; base of fixed chelal

finger with several small denticles. Chelal hand with retro-

lateral condyle small and rounded.

Carapace: with 2 small, bulging eyes, or eyes absent; with or

without basal furrow; anterior margin with 6, or occasionally

4 or 8 setae.

Coxal region; manducatory process with 2 long distal setae.

Median maxillary lyrifissure present and sub-basally situated.

Legs: femur I and II without basal swelling; femora I and II

with primary slit sensillum directed transversely; femur I much
longer than patella I; suture line between femur IV and patella

IV transverse; metatarsus shorter than tarsus; metatarsal

pseudotactile seta sub-proximal; legs with dentate subterminal

tarsal setae; arolium about as long as the claws, not divided,

without ventral hooked protuberance; without sub-ungual

spine; claws slender and simple.

Abdomen: tergites undivided; sternites with faint medial

suture line. Pleural membrane longitudinally striate. Each

stigmatic sclerite with 1 seta; spiracles simple, with spiracular

helix. Anterior margin of anal operculum not abutting

posterior margin of sternite X.

Genitalia: male median genital sac bipartite; female with

large gonosac covered with scattered pores.
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Tritonymph: Pedipalps: fixed finger with 14 trichobothria,

movable finger with 8 trichobothria; eb region with 1 trichobo-

thrium; ib region with 4 trichobothria; ist region with 3 tricho-

bothria; est region with 4 trichobothria; et distal to it\ b region with

2 trichobothria; t region with 5 trichobothria; isb and st absent.

Deutonymph: Pedipalps; fixed finger with 9 trichobothria,

movable finger with 6 trichobothria; eb region with 1

trichobothrium; ib region with 2 trichobothria; ist region with

2 trichobothria; est region with 2 trichobothria; et distal to if, b

region with 2 trichobothria; t region with 4 trichobothria;

others absent.

Protonymph: Pedipalps: eb, et, ist and t regions each with 1

trichobothrium; others absent.

Remarks,—The genus Ideoroncus is currently known from

nine species distributed in Paraguay and southern Brazil

(Mahnert 1984a, 2001; Harvey 2013) (Figs. 2B, 26A, 27B).

KEY TO SPECIES OF IDEORONCUS (ADAPTED FROM MAHNERT 1984A)

1. Eyes present 2

Eyes absent 8

2. Fixed chelal finger and hand with 20 trichobothria, including ist region with 5 trichobothria 3

Fixed chelal finger and hand with 21 trichobothria, including ist region with 6 trichobothria . 6

3. Eyes small I. pallidus

Eyes large 4

4. Carapace with subbasal thickened band 5

Carapace without subbasal thickened band /. paranensis

5. Pedipalpal femur 0.49 (male), 0.51 (female) mm in length; 3. 5-3.9 X longer than broad; pedipalpal tibia 2. 5-2. 8 X longer than

broad; tergite IX with 9-1 1 setae I. lenkoi

Pedipalpal femur at least 0.51 (msle), 0.58 (female) mm in length; 3.8M.3 X longer than broad; pedipalpal tibia 2. 7-3.0 X longer

than broad; tergite IX with 13-15 setae I. seto.sus

6. Smaller and slightly thicker appendages, e.g. pedipalpal femur of male 0.55-0.63 mm, of female 0.65-0.77 mm long, and 3.7M.1

X longer than broad 7

Larger and thinner appendages, e.g. pedipalpal femur of male 0.70-0.72 mm long, and 4.5 X longer than broad .... I. procerus

1. Pedipalps uniformly yellow-brown; carapace and tergites brown; tergite IX with 1 1-15 setae; pedipalpal femur 3.7M.1 X longer

than broad /. divisus

Pedipalps red brown, hand slightly darker; carapace and tergites dark chocolate brown; tergite IX with 8-11 setae; pedipalpal

femur 3. 8-3.9 X longer than broad /. beieri

8. Pedipalps slender, e.g., pedipalpal femur 5. 5-5.7 X longer than broad I. cavicola

Pedipalps less slender, e.g., pedipalpal femur 3.3 X longer than broad I. anophthalmus

Ideoroncus anophthalmus Mahnert 1984

(Fig. 26A)

Ideoroncus anophthalmus Mahnert 1984a:663-665, figs 22-24;

Harvey 1991:319; Harvey 2013:unpaginated.

Material examined.—None.

Diagnosis.—Ideoroncus anophthalmus resembles I. cavicola

in the lack of eyes, but differs in having less slender

appendages; e.g., pedipalpal femur 3.3 X longer than broad,

compared with 5. 5-5. 7 X in I. cavicola.

Description,

—

Adults: See Mahnert (1984a).

Remarks.—This species only occurs in Sao Paulo state,

Brazil (Mahnert 1984a) (Fig. 26A).

Ideoroncus beieri Mahnert 1984

Fig. 26B

Ideoroncus lenkoi Beier: Beier 1974:899 (misidentification, in

part).

Ideoroncus beieri Mahnert 1984a:668-670, figs 34—37; Harvey
1991:319; Harvey 2013:unpaginated.

Material examined,—None.
Diagnosis.—Ideoroncus beieri resembles /. procerus and I.

divisus in having 21 trichobothria on the fixed chelal finger and
hand, but has much darker pedipalps, carapace and tergites,

and slightly different pedipalpal ratios.

Description.

—

Adult: See Mahnert (1984a).

Remarks.

—

Ideoroncus beieri occurs in Parana state, Brazil

(Mahnert 1984a) (Fig. 26B).

Ideoroncus cavicola Mahnert 1984

Fig. 26A

Ideoroncus cavicola Mahnert 2001:103-106, figs 17-21.

Material examined.—None.

Diagnosis.—Ideoroncus cavicola resembles I. anophthalmus

in the lack of eyes, but differs in having more slender

appendages; e.g., pedipalpal femur 5. 5-5. 7 x longer than

broad, compared with 3.3 X in I. anophthalmus.

Description.

—

Adult: See Mahnert (1984a, 2001).

Remarks.—Ideoroncus cavicola is known from caves in the

Iporanga district of Sao Paulo state, Brazil (Mahnert 2001)

(Fig. 26A).

Ideoroncus divisus Mahnert 1984

Fig. 26B

Ideoroncus pallidus Balzan: Beier 1974:899 (misidentification).

Ideoroncus divisus Mahnert 1984: 666-668, Figs. 29-33;

Harvey 1991:319; Harvey & Volschenk 2007:368, Figs. 1-

4; Harvey 2013:unpaginated.

Material examined.

—

Paratypes. Brazil: Santa Catarina: 1 d,

Nova Teutonia [27°03'S, 52°24'W], January 1965, F. Plan-
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mann (WAM T90/1164); 1 ?, same data except June 1957

(WAM T90/1165).

Diagnosis.—hleoroiicus divisus resembles I. procerus and I.

beieri in having 21 trichobothria on the fixed chelal finger and

hand, but has smaller and slightly thicker pedipalpal segments

than /. procerus, and has lighter colored pedipalps, carapace

and tergites, and more setae on tergite IX than /, beieri.

Description.—Adult: See Mahnert (1984a).

Nymphs: See Mahnert (1984a).

Remarks.—This species is known from the Brazilian states

of Rio Grande do Sul and Santa Catarina (Mahnert 1984a)

(Fig. 26B).

hleoroiicus leukoi Beier 1970

Fig. 26B

hleoroiicus leukoi Beier 1970:55-56, Fig. 3; Beier 1974:899 (in

part; see hleoroiicus beieri Mahnert); Mahnert 1984a:655-

656, Figs. 3-7; Harvey 1991:319; Harvey et al. 2007:Fig. 4;

Harvey 201 3:unpaginated.

hleoroiicus alT. leukoi Beier: Mahnert 1984a:657.

Not hleoroiicus leukoi Beier: Beier 1974:899 (misidentification,

in part; see hleoroiicus beieri Mahnert and /. paraueusis

Mahnert).

Material examined. -BRAZIL: Sdo Paulo: Sao Sebastiao,

Station Biologique (23°49'S, 45°27'W), 25 June 1960, Buchs-

wald, R. Schuster (WAM T90/1 166-1 167).

Diagnosis.—hleoroiicus leukoi resembles /. aiioplitlialiiius, 1.

cavicola, I. pallidiis, I. paraueusis and I. setosus in having 20

trichobothria on the fixed chelal finger and hand, but has

larger eyes, unlike I. aiioplitlialiuiis and /. cavicola which are

eyeless, and I. pallidas, which has very small eyes, has a

thickened subbasal band on the carapace not found in I.

paraueusis, and the high number of setae (13-15) on tergite IX

found in I. setosus.

Description.—Adult: See Mahnert (1984a).

Nymphs: See Mahnert (1984a).

Remarks.—This species was originally described from Sao

Paulo state, Brazil, and redescribed by Mahnert (1984a)

(Fig. 26B).

hleoroiicus pallidiis Balzan 1887

Fig. 26A

hleoroiicus pallidiis Balzan 1887: no pagination, figs; Balzan

1890:444^45, Figs. 23, 23a-b; Chamberlin 1930:44; Beier

1932a; 171, Fig. 201; Roewer 1937;257; Mahnert 1984a:653-

655, Figs. 1-3; Harvey 1991:319; Harvey 2013:unpaginated.

hieobisiuui (hleoroiicus) pallidum (Balzan): Balzan 1892:541,

549.

Ideobisiiim pallidum (Balzan): Ellingsen 1910:395.

Not hleoroiicus pallidiis Beier: Beier 1974:899 (misidentifica-

tion; see hleoroiicus divisus Mahnert).

Material examined. None.

Diagnosis.—hleoroiicus pallidiis resembles I. aiiophthaluuis,

I. cavicola, I. leukoi, I. paraueusis and I. setosus in having 20

trichobothria on the fixed chelal finger and hand, but has very

small eyes, unlike I. auophthahuus and I. cavicola, which are

eyeless, and I. leukoi, I. paraueusis and I. setosus, which have

larger eyes.

Description. -Adult: See Mahnert (1984a).

Remarks.—hleoroiicus pallidiis is known only from the type

material collected at Rio Apa, Paraguay (Fig. 26A). The
status of the specimens from Brazil as Ideobisium pallidum by

(Ellingsen 1910) is unknown.

hleoroiicus paraueusis Mahnert 1984

Eig. 26A

hleoroiicus leukoi Beier: Beier 1974:899 (misidentification, in

part).

hleoroiicus paraueusis Mahnert 1984: 657-659, Figs. 8-14;

Harvey 1991:320; Harvey 2013:unpaginated.

Material examined.—None.

Diagnosis.—hleoroiicus paraueusis resembles /. auophthal-

iiiiis, I. cavicola, I. leukoi, I. pallidas and I. setosus in having 20

trichobothria on the fixed chelal finger and hand, but has

larger eyes, unlike /. aiiophthahmis and I. cavicola, which are

eyeless, and I. pallidiis, which has very small eyes, and lacks a

thickened subbasal band on the carapace found in /. leukoi

and I. setosus.

Description.—Adult: See Mahnert (1984a).

Nymphs: See Mahnert (1984a).

Remarks.—hleoroiicus paraueusis has only been collected

from Parana state, Brazil (Mahnert 1984a) (Fig. 26A).

hleoroiicus procerus Beier 1974

Fig. 26A

hleoroiicus procerus Beier 1974:900-901, Fig. 1; Mahnert

1984a:665-666, Figs. 25-28; Harvey 199r:320; Harvey

2013:unpaginated.

Material examined.—None.

Diagnosis.—hleoroiicus procerus resembles I. setosus and I.

beieri in having 21 trichobothria on the fixed chelal finger and

hand, but is larger with a pedipalpal femur length of 0.70-0.72

(male), compared with at most 0.63 mm in I. setosus and I.

beieri.

Description.—Adult: See Mahnert (1984a).

Remarks.—hleoroiicus procerus was originally described

from Nova Teutonia, Santa Catarina state, Brazil (Beier

1974) (Fig. 26A) and redescribed by Mahnert (1984a).

hleoroiicus setosus Mahnert 1984

Fig. 26A

hleoroiicus seto.sus Mahnert 1984:659-663, Figs. 15-21; Har-

vey 1991:320; Mahnert 2001:103; Harvey 201 3:unpaginated.

Material examined.—None.

Diagnosis.—hleoroiicus setosus resembles I. auophthahuus, /.

cavicola, /. leukoi, I. pallidiis and I. paraueusis in having 20

trichobothria on the fixed chelal finger and hand, but has

larger eyes, unlike /. auophthahuus and /. cavicola, which are

eyeless, and I. pallidiis, which has very small eyes, has a

thickened subbasal band on the carapace not found in /.

paraueusis, and lower numbers of setae (9-11) on tergite IX

found in I. leukoi.

Description.—Adult: See Mahnert (1984a).

Nymphs: See Mahnert (1984a).

Remarks.—hleoroiicus setosus is recorded from Sao Paulo

state, Brazil (Mahnert 1984a, 2001) (Fig. 26A).
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Figure 26.—Distribution of species of Ideoroncidae: A, B. Ideoroncus spp.; C. Mahnertius and Miichinoreus; D. Pseudalhiorix spp.; E.

Typhloroncus spp.; F. Xorilbia spp.
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Figure 27 .—Mahnertius hadrodentatus Harvey & Muchmore sp. nov., female holotype: A. Carapace, dorsal; B. Right pedipalp, dorsal; C. Left

chela, lateral; D. fixed chelal finger, lateral; E. fixed chelal finger, basal region, lateral; F. Tip of right tarsus IV. Scale lines = 0.5 mm (A-C);

0.1 mm (D-F).

Genus Mahnertius Harvey & Muchmore gen. nov.

Type species.—Mahnertius stipodentatiis Harvey & Much-
more sp. nov.

Diagnosis.—Mahnertius differs from all other ideoroncid

genera in having the distal teeth of the fixed chelal finger

compressed and enlarged (Figs. 28G, 28H). Mahnertius

resembles species of Xorilhia and Tvphloroncus in having

arolia that are shorter than the claws (Figs. 27F, 28D) and

that have a ventral hooked process, but the anal operculum

does not closely abut sternite X as in Tvphloroncus, and the

arolia are not divided as in Xorilhia.

Description.—Adult: setae: long, straight and acicular.

Chelicera (Fig. 28B): hand with 6 setae; movable finger with 1

long subdistal seta; rallum of 4 thickened blades, all blades serrate

(Fig. 28A); lamina exterior absent; galea long and slender.

Pedipalp (Figs. 27B, 28C): long and slender. Patella with

disto-prolateral excavation. Fixed chelal finger and hand with

22 trichobothria, movable chelal finger with 10 trichobothria:

eb region with 1 trichobothrium; est region with 6 trichobo-

thria; ih region with 5 trichobothria; ist region with 6

trichobothria; b region with 2 trichobothria; sb and st regions

with 1 trichobothrium; and t region with 6 trichobothria; sb

not dorsally displaced relative to sf, st not ventrally displaced

(Figs. 27C, 28E). Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus near est

region in fixed finger and near t region in movable finger.

Chelal teeth small and evenly spaced; distal teeth of the fixed

chelal finger compressed and enlarged (Figs. 28G, 28H); base

of fixed chelal finger with several small denticles. Chelal hand

with retrolateral condyle small and rounded.

Carapace (Fig. 27A): with 2 small bulging eyes; without

furrows; anterior margin with 4 setae.

Coxal region: manducatory process with 2 long distal setae.

Median maxillary lyrifissure present and sub-basally situated.
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Legs: femur I and II without basal swelling; femora I and II

with primary slit sensillum directed transversely; femur I much
longer than patella I; suture line between femur IV and patella

IV transverse; metatarsus shorter than tarsus; metatarsal

pseudotactile seta sub-proximal; legs with subterminal tarsal

setae with small ventral denticulation; arolium shorter than

claws, not divided, with ventral hooked protuberance; without

sub-ungual spine; claws slender and simple (Figs. 27F, 28D).

Abdomen: tergites and sternites undivided. Pleural mem-
brane longitudinally striate. Each stigmatic sclerite with 1 seta;

spiracles simple, with spiracular helix. Anterior margin of anal

operculum not abutting posterior margin of sternite X.

Genitalia: male median genital sac not visible in material

examined; female with large gonosac covered with scattered

pores.

Nymphs: Unknown.
Remarks.—This genus is quite distinct from other ideor-

oncids, and readily recognized by the morphology of the distal

teeth of the fixed chelal finger. It is known only from

Colombia (Figs. 2B, 26C).

Etymology.—This genus is named for Volker Mahnert, the

former Director of the Museum d’histoire naturelle de la Ville

de Geneve, and internationally renowned pseudoscorpion

authority in honor of his contributions to arachnology.

KEY TO SPECIES OF MAHNERTIUS

1. Basal teeth of fixed chelal finger enlarged (Fig. 27E) ......

Basal teeth of fixed chelal finger not enlarged (Fig. 28E) . . .

Mahnertius hmdrodentatus Harvey & Muchmore sp. nov.

Figs. 26C, 27

Material examined.

—

Holotype. COLOMBIA: Departa-

mento de Cundinamarca: female, Finca Bella Vista, near

Sasaima (4°54'N, 74°26'W), 4 June 1965, under plant cover

in root-soil leaf mold (duff), P.R. Craig (CAS).

Diagnosis .—Mahnertius hadrodentatus differs from M.

stipodentatus by having enlarged basal teeth of the fixed chela!

finger (Fig. 27E).

Description.

—

Adult: Color: pedipaips, carapace and coxae

deep yellow-brown; appendages and abdominal segments

yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

submedial seta; galea very slender and elongate; fixed finger

with 10 (female) teeth; movable finger with 7 (female) teeth;

rallum of 4 long blades, each with (basal to distal) 5, 9, 10 and

13 serrations; lamina exterior absent.

Pedipalp (Fig. 27B): trochanter with granules on prolateral

face; femur with large granules on prolateral face; patella with

fine granules on proiateral face; chela with very small denticles

on prolateral face at base of fingers, on retrolateral face at

base of fingers; basal half movable finger with granules on
retrolateral face; trochanter 2.37 (female), femur 3.91 (female),

patella 2.97 (female), chela (with pedicel) 3.88 (female), chela

(without pedicel) 3.70 (female), hand 1.44 (female) x longer

than broad, movable finger 1.55 (female) x longer than hand
(without pedicel). Fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 27C): eb, esb and isb in straight row at base of fmger; eb

region with 1 trichobothrium; ib region with 5 trichobothria;

ist region with 6 trichobothria; est region with 6 trichobothria;

et slightly distal to it; b region with 2 trichobothria; t region

with 6 trichobothria; sb not dorsally displaced relative to st; t

region not overlapping with est region. Venom apparatus

present in both chelal fingers, venom duct terminating in

nodus ramosus near est region in fixed finger and near basal

section of t region in movable finger. Chela! teeth generally

small and juxtadentate (Fig. 27D): fixed finger with 63

(female) teeth, including the 9 distal-most teeth raised into

crest, and the basal teeth enlarged (Fig. 27E); movable fmger
with ca. 16 (female) low teeth, followed by smaller raised

M. hadrodentatus

. . M. stipodentatus

mounds; base of fixed chelal finger with several small

denticles.

Carapace (Fig. 27A): lateral margins evenly convex; 1.1 1 X
longer than broad; with 2 small bulging eyes; anterior margin

medially prominent; with 15 setae including 4 on anterior

margin and 4 on posterior margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 apical acuminate setae; chaetotaxy 2 + 5: 4: 4: 5: 6 (female).

Legs: femur + patella 2.97 (female) x longer than deep;

subterminal tarsal setae with small ventral denticulation;

arolium shorter than claws, not divided, with ventral hooked

process (Fig. 27F).

Abdomen: tergites and sternites undivided and uniseriate.

Tergal chaetotaxy: female, 4: 4: 7: 10: 11: 11: 11: 12: 13: 11:7

(including 4 tactile setae): 2. Sternal chaetotaxy: female, 6: (1)

4 (I): (1) 6 (1): 11: 13: 12: 11: 14; 11: 7 (including 4 tactile

setae): 2. Setae of tergites and sternites IX-XI acuminate.

Genitalia: female with large gonosac which is covered with

scattered pores.

Dimensions (mm): Female holotype: Body length ca. 2.4.

Pedipalp: trochanter 0.425/0.179, femur 0.911/0.233, patella

0.698/0.235, chela (with pedicel) 1.670/0.430, chela (without

pedicel) 1.590, hand (without pedicel) length 0.620, movable

finger length 0.962. Chelicera 0.428/0.207, movable fmger

length 0.240. Carapace 0.740/0.666; eye diameter 0.045. Leg I:

femur 0.485/0.121, patella 0.286/0.110, tibia 0.318/0.080,

metatarsus 0.186/0.069, tarsus 0.317/0.052. Leg IV: femur +

patella 0.760/0.256, tibia 0.533/0.118, metatarsus 0.266/0.095,

tarsus 0.441/0.065.

Remarks.

—

Mahnertius hadrodentatus occurs in central

Colombia (Fig. 26C).

Etymology.—The specific epithet refers to the large basal

teeth of the fixed chelal finger, hadros, Greek, well-developed,

bulky, and dentatus, Latin, toothed, pointed (Brown 1956).

Mahnertius stipodentatus Harvey & Muchmore sp. nov.

Figs. 25C, 28

Material examined.

—

Holotype. COLOMBIA: Departa-

mento del Magdalena: male, San Pedro-San Javier, S.N. de

Santa Marta {10°18'N, 74°i4'W), 5,130 feet [= 1,563 m], 29

March 1975, leaf litter under rock, J.A. Kochalka (FSCA,

WM4847.01001).
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Figure 28 .—Mcilmertitis stipodentatus Harvey & Muclimore sp. nov., male holotype: A. Left rallum; B. Right chelicera; C. Right pedipalp,

dorsal; D. Tip of left tarsus IV; E. Left chela, lateral; F. movable chelal finger, lateral; G. fixed chelal finger, lateral; H. Tip of fixed chelal finger,

lateral. Scale lines = 0.5 mm (C, E); 0.2 mm (B, F, G); 0.1 mm (A, D, H).
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Paratype. COLOMBIA; Departamento del Magdalena: 1

female, collected with holotype (FSCA, WM4847.01002).

Diagnosis .—Malinertius stipodentatus differs from M. lia-

drodentatus by not having the enlarged basal teeth of the fixed

chelal finger (Fig. 28E) found in M. hadrodentatus.

Description.

—

Adult: Color: pedipalps, carapace and coxae

deep yellow-brown; appendages and abdominal segments

yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

submedial seta; galea very slender and elongate; fixed finger

with 10 (male, female) teeth; m.ovable finger with 7 (male,

female) teeth; rallum of 4 long blades, each with 9-1 1 small

serrations; lamina exterior absent.

Pedipalp (Fig. 28C): trochanter with granules on prolateral

face; femur with large granules on prolateral face and basal half;

patella with fine granules on prolateral face; chela with very

small denticles on prolateral face at base of fingers; trochanter

2.45 (male), 2.52 (female), femur 4.06 (male), 3.96 (female),

patella 3.17 (male), 2.83 (female), chela (with pedicel) 3.72

(male), 3.78 (female), chela (without pedicel) 3.54 (male), 3.58

(female), hand 1.32 (male), 1.40 (female) x longer than broad,

movable finger 1.69 (male), 1.50 (female) x longer than hand

(without pedicel). Fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 28E): eb, esb and isb in straight row at base of finger; eh

region with I trichobothrium; ib region with 5 trichobothria; ist

region with 6 trichobothria; est region with 6 trichobothria; et

slightly distal to it; b region with 2 trichobothria; t region with 6

trichobothria; sb not dorsaliy displaced relative to st; t region

not overlapping with est region. Venom apparatus present in

both chelal fingers, venom duct terminating in nodus ramosus

near est region in fixed finger and near basal section of t region

in movable finger. Chelal teeth generally small and juxtaden-

tate: fixed finger with 58 (male), 59 (female) teeth, including the

8-9 distal-most teeth raised into crest (Figs. 28G, 28H);

movable finger with 34 (male), 38 (female) low teeth (Fig. 28F);

base of fixed chelal finger with several small denticles.

Carapace; lateral margins evenly convex; ? (damaged) x

longer than broad; with 2 small bulging eyes; anterior margin

medially prominent; with 18 setae including 4 on anterior

margin and 4 on posterior margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 apical acuminate setae; chaetotaxy 2 -i- 4: 4: 5: 3: 7 (d); 2 + 4:

3: 5: 5: 5 (female).

Legs: femur -i- patella 2.67 (male), 3.00 (female) x longer

than deep; subtermina! tarsal setae with small ventral

denticulation; arolium shorter than claws, not divided, with

ventral hooked process (Fig. 28D).

Abdomen: tergites and sternites undivided and uniseriate.

Tergal chaetotaxy: male, 4: 4: 6: 7: 9: 11: 12: 13: 12: 15: 12: 2;

female, 4: 4: 4:7:9: 10: 11: 11: 13: 10 (including 2 tactile setae):

7 (including 4 tactile setae): 2. Sternal chaetotaxy; male, 7; (1)

12 [3 + 3] (1): (1) 6 (1): 11: 10: 12: 14: 15: 13: 5 (including 4

tactile setae): 2; female, 6: (1) 4 (1); (1) 6 (1); 10: 9: 13: 13: 13:

12; 7 (including 4 tactile setae): 2. Setae of tergites and sternites

IX-XI acuminate.

Genitalia: male with small dorsal apodeme; median genital

sac not visible in material examined; female with large gonosac
which is covered with scattered pores.

Dimensions (mm): Male holotype: Body length ca. 2.6.

Pedipalp: trochanter 0.427/0.174, femur 0.898/0.221, patella 0.732/

0.231, chela (with pedicel) 1.597/0.429, chela (without pedicel) 1.520,

hand (without pedicel) length 0.568, movable finger length 0.958.

Chelicera 0.414/0.201, movable finger length 0.243. Carapace ca.

0.68/? (crushed); eye diameter 0.048. Leg I: femur 0.467/0.122,

patella 0.274/0.1 18, tibia 0.326/0.083, metatarsus 0.190/0.069, tarsus

0.321/0.058. Leg IV: femur + patella 0.768/0.288, tibia 0.539/0.128,

metatarsus 0.282/0.103, tarsus 0.458/0.074.

Female paratype; Body length ca. 3.1. Pedipalp; trochanter

0.453/0.180, femur 0.914/0.231, patella 0.674/0.238, chela (with

pedicel) 1.698/0.449, chela (without pedicel) 1.608, hand

(without pedicel) length 0.630, movable finger length 0.947.

Chelicera 0.458/0.219, movable finger length 0.277. Carapace

ca. 0.67/? (crushed); eye diameter 0.051. Leg I: femur 0.484/

0.127, patella 0.283/0.120, tibia 0.192/0.085, metatarsus 0.186/

0.073, tarsus 0.307/0.058. Leg IV: femur + patella 0.789/0.263,

tibia 0.594/0.123, metatarsus 0.291/0.106, tarsus 0.446/0.076.

Remarks .—Mahnertius stipodentatus occurs in northern

Colombia (Fig. 26C).

Etymology.—The specific epithet refers to the compressed

distal teeth of the fixed chelal finger, stipo, Latin, press, cram,

crowd, and dentatus, Latin, toothed, pointed (Brown 1956).

Genus Muchmorem Harvey gen. nov.

Type species .—Muchinoreus ignotus Harvey & Muchmore
sp. nov.

Diagnosis .—Muchinoreus differs from all other ideoroncid

genera by the position of trichobothrium eh which is situated

slightly distal of esb (Fig. 29D), rather than on the same level

as esb, and have 2 or 3 setae on the spiracular plates, whereas

most other genera with the exception of Pseudalhiorix have

a single seta. Muchinoreus resembles Ideoroncus, Dhanus,

Nhatrangia and Shravana in having long, undivided arolia

which lack a ventral hook (Fig. 291). However, Muchinoreus

lacks the medial suture line on the median sternites found in

Ideoroncus, and lacks the cheliceral lamina exterior found in

Dhanus, Nhatrangia and Shravana.

Description,

—

Adult: setae: long, straight and acicular.

Chelicera (Fig. 29B): hand with 6 or 7 setae; movable finger

with 1 long subdistal seta; rallum of 4 thickened blades, all

blades serrate; lamina exterior absent; galea long and slender.

Pedipalp (Fig. 29C): long and slender. Patella with large

disto-prolateral excavation. Fixed chelal finger and hand with

20 trichobothria, movable chelal finger with 10 trichobothria

(Fig. 29D): eb region with 1 trichobothrium; eh distal of esb;

est region with 6 trichobothria; ib region with 4 trichobothria;

ist region with 5 trichobothria; b region with 2 trichobothria;

sb and st regions with 1 trichobothrium; and t region with 6

trichobothria; sb not dorsaliy displaced relative to st; st not

ventrally displaced. Venom apparatus present in both chelal

fingers, venom duct terminating in nodus ramosus near est

region in fixed finger and near t region in movable finger.

Chelal teeth small and evenly spaced; base of fixed chelal

finger with several small denticles. Chelal hand with retro-

lateral condyle small and rounded.

Carapace (Fig. 29A): with 2 large, bulging eyes; without

furrows; anterior margin with 4 setae.

Coxal region: manducatory process with 2 long distal setae.

Median maxillary lyrifissure present and sub-basally situated.
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Legs: femur I and II without basal swelling; femora I and II

with primary slit sensillum directed transversely; femur I much
longer than patella I; suture line between femur IV and patella

IV transverse; metatarsus shorter than tarsus; metatarsal

pseiidotactile seta sub-proximal; legs with trifurcate siibtermi-

nal tarsal setae; arolium slightly longer than claws, not

divided, without ventral hooked protuberance; without sub-

ungual spine; claws slender and simple (Fig. 291).

Abdomen: tergites and sternites undivided. Pleural mem-
brane longitudinally striate. Each stigmatic sclerite with 2 or 3

setae; spiracles simple, with spiracular helix. Anterior margin

of anal operculum not abutting posterior margin of sternite X.

Genitalia: male median genital sac not visible in material

examined; female with large gonosac covered with scattered

pores.

Tritonymph. Fixed finger with 14 trichobothria, movable

finger with 8 trichobothria (Fig. 29H); ib region with 3

trichobothria; ist region with 3 trichobothria; est region with

4 trichobothria; et slightly distal to it; b region with 1

trichobothrium; t region with 5 trichobothria; all other regions

represented by 1 trichobothrium.

Remarks.—Muchinoreus is known only from the type

species M ignotus from Mexico (Figs. 2A, 26C).

Etymology.—This genus is dedicated to co-author William

B. Miichmore in recognition of his contributions to systematic

arachnology over a 40 year career. The name is to be treated as

masculine.

Muchmorem ignotus Harvey & Muchmore sp. nov.

Figs. 26C, 29

Material examined.

—

Holotype. MEXICO: Yucatan: male,

1 kmS. ofMuna (20°28'N, 89°43'W), 31 July -4 August 1973,

J. Reddell (FSCA, WM3406.03001).

Paratypes. MEXICO: Yucatan: 3 female, same data as

holotype (FSCA, WM3406.03002^); 1 female, same data as

holotype (WAM T1 29659, WM3406.03005); 1 male, Chichen

Itza (20°40'N, 88°34'W), under rocks, 8 August 1973, J.

Reddell (FSCA, WM3402.02001); 1 male, same data (WAM
T 129660, WM3402.02002); 1 female, 3 km S. of Calcehtok

(20°32'N, 89°54'W), under rocks, 3 August 1973, J. Reddell

(FSCA, WM3404.01001 ); 1 male, 1 tritonymph, Tixkokob

(21°00'N, 89°24'W), under rocks, 12 August 1973, J. Reddell

(FSCA, WM3405.02001-2).

Other material. MEXICO: Campeche: 1 male, 2 km W. of

Hopelchen (19°45'N, 89°52'W), 23 August 1972, Cooke,

Russell, Mitchell (FSCA, WM3503.01001 ).

Diagnosis.—As for genus.

Description,

—

Adult: Color: pedipalps red-brown; carapace

light red-brown; legs and abdomen pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera (Fig. 29B): hand with 6 setae, although the left

chelicera of one female specimen bears 7 setae; movable finger

with 1 subdistal seta; galea very slender and elongate; fixed

finger with ca. 7 (male), 5 (female) small teeth; movable finger

with ca. 4 (male), 5 (female) very small teeth; rallum of 4 blades,

each with several small serrations; lamina exterior absent.

Pedipalp (Fig. 29C): femur and patella slightly rugose on

interior face; trochanter 2.11-2.33 (male), 2.23-2.34 (female),

femur 3.91M-.36 (male), 3.88-4.26 (female), patella 2.67-3.07

(male), 2.75-2.92 (female), chela (with pedicel) 3.72-4.08

(male), 3.46-3.84 (female), chela (without pedicel) 3.64—3.92

(male), 3.31-3.74 (female), hand (without pedicel) 1.36-1.56

(male), 1.35-1.48 (female) x longer than broad, movable finger

1.55-1.64 (male), 1.47-1.52 (female) x longer than hand
(without pedicel). Fixed chelal finger and hand with 20

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 29D): eb, esb and isb at base of finger, eb situated slightly

distal of esb; eb region with 1 trichobothrium; ib region with 4

trichobothria; ist region with 5 trichobothria; est region with 6

trichobothria; et slightly distal to it; b region with 2

trichobothria; / region with 6 trichobothria; sb not dorsally

displaced relative to st; t region not overlapping with est

region. Venom apparatus present in both chelal fingers,

venom duct terminating in nodus ramosus near est region in

fixed finger and near basal section of / region in movable

finger. Chelal hand with retrolateral condyle small and

rounded. Chelal teeth small, evenly spaced, conical and

slightly retrorse, movable finger with 2 enlarged teeth at distal

end; fixed finger with ca. 46-56 (male), 42-52 (female) teeth;

movable finger with ca. 36-39 (male), 33-37 (female) teeth;

base of fixed chelal finger with several small denticles.

Carapace (Fig. 29A): lateral margins evenly convex; 1.11-

1.45 (male), 1.13-1.36 (female) x longer than broad; with 2

large, bulging eyes; anterior margin medially prominent; with

20-22 (male), 20-21 (female) setae including 4 setae on

anterior margin and 4, occasionally 5 or 6, on posterior

margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 apical acuminate setae; chaetotaxy 2 -h 6: 4: 5-6: 6: 7-8

(male); 2 -t- 7: 4; 5-6: 6: 6-9 (female).

Legs: femur + patella 2.17-2.34 (male), 2.31-2.47 (female) x

longer than deep; subterminal tarsal setae trifurcate; arolium

slightly longer than claws, not divided, without ventral hooked

process.

Abdomen: tergites and sternites not divided and iiniseriate.

Tergal chaetotaxy: male, 4: 4—7: 6-9: 8-9; 8-9: 7-9: 8-10: 8-iO:

9-

10: 7-10; 6: 2; female, 4-5: 4^6: 8-9: 8-9: 8-10: 8-9: 8-11; 8-

10: 9-10: 8-10: 4—7: 2. Sternal chaetotaxy; male, 13-16: (2-3)

13-18 [3 + 3] (2-3): (2)6-8 (2): 10-13: 10-12: 11-12: 11-12: 11;

10-

12: 8: 2; female, 8-11: (2-3) 4-7 (2-3): (2-3) 6-7 (2-3): 10-

13: 11-12: 11-13: 11-13; 11: 11-13: 8: 2. Setae of female

sternite II reduced in size, but not minute, ca. 9-10 pm in

length; setae of tergites and sternites IX-XI acuminate; with

several tactile setae.

Genitalia: male with small dorsal apodeme; median genital

sac not visible in material examined; female with large

gonosac, which is covered with scattered pores.

Dimensions (mm): Male: holotype followed by other males

(where applicable): Body length 2.58 (2.39-2.68). Pedipalp:

trochanter 0.39/0.175 (0.38-0.40/0.165-0.19), femur 0.86/0.22

(0.85-0.87/0.195-0.21), patella 0.665/0.23 (0.64-0.66/0.215-

0.24), chela (with pedicel) 1.45/0.39 (1.41-1.57/0.36-0.40),

chela (without pedicel) length i.42 (1.36-1.55), hand (without

pedicel) length 0.53 (0.54-0.59), movable finger length 0.87

(0.835-0.910). Chelicera 0.32-0.155; movable finger length

0.19. Carapace 0.84/0.58 (0.80-0.84/0.63-0.72); eye diameter

0.065. Leg I: femur 0.41/0.105, patella 0.20/0.095, tibia 0.29/

0.075, metatarsus 0.20/0.06, tarsus 0.28/0.05. Leg IV: femur +

patella 0.72/0.325 (0.69-0.76/0.31-0.35, tibia 0.47/0.12, meta=

tarsus 0.25/0.09, tarsus 0.35/0.06.
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Figure 29 .—Muchmoreus ignotus Harvey & Muchmore sp. nov., male holotype, unless stated otherwise: A. Carapace; B. Left chelicera,

dorsal; C. Right pedipalp, dorsal; D. Left chela, lateral; E-G, teeth of the fixed chelal finger, showing variation in trichobothrial position: E
(FSCA, WM 3405.02001), F (FSCA, WM 3402.02002), G (FSCA, WM 3402.02001); H. Right chela, setae omitted, lateral, tritonymph paratype

(FSCA, WM 3405.02002); 1. Tip of right tarsus IV. Scale lines = 0.5 mm (A, C, D, H); 0.2 mm (B); 0.1 mm (I).

Female (WM3406.03002), followed by other females (where

applicable): Body length 3.00 (2.82-3.07). Pedipalp: trochanter

0.43/0.19 (0.445/0.19-0.20), femur 1.00/0.235 (0.96-0.97/0.235-

0.25), patella 0.73/0.25 (0.70-0.74/0.245-0.26), chela (with pedicel)

1.71/0.445 (1.62-1.67/0.435-0.48), chela (without pedicel) length

1.665 (1.590-1.61), hand (without pedicel) length 0.66 (0.635-

0.66), movable finger length 0.985 (0.95-0.97). Chelicera 0.38/0.17;

movable finger length 0.22. Carapace 0.895/0.67 (0.850-0.925/

0.680-0.815); eye diameter 0.064. Leg I: femur 0.465/0.125, patella

0.23/0.115, tibia 0.32/0.085, metatarsus 0.22/0.065, tarsus 0.31/

0.05. Leg IV: femur + patella 0.805/0.34 (0.76-0.815/0.31-0.34,

tibia 0.525/0.125, metatarsus 0.295/0.095, tarsus 0.39/0.065.
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Tritonymph: Chelicera: galea long, nearly straight; hand with

5 setae, movable finger with 1 seta; fixed finger with 6 small

teeth, movable finger with 5 small teeth; rallum composed of 4

blades, all serrate.

Pedipalp: trochanter 2.10, femur 3.89, patella 2.70, chela

(with pedicel) 4.10, chela (without pedicel) 4.02 X longer than

broad. Fixed finger with 14 trichobothria, movable finger with

8 trichobothria (Fig. 29H); eh region with 1 trichobothrium; ib

region with 3 trichobothria; ist region with 3 trichobothria; est

region with 4 trichobothria; et slightly distal to it\ h region

with 1 trichobothrium; t region with 5 trichobothria.

Carapace: 1.15 X longer than broad; anterior margin

medially prominent; 1 pair of small eyes present; with 4 setae

on anterior margin and 4 setae on posterior margin.

Legs: mostly as in adult.

Dimensions (mm): Body length 2.37. Pedipalp: trochanter

0.325/0. 1 55, femur 0.70/0. 1 8, patella 0.50/0. 1 85, chela (with pedicel)

1.23/0.30, chela (without pedicel) 1.205, hand (without pedicel)

length 0.46, movable finger length 0.74. Carapace 0.70/0.61.

Remarks.

—

Miichmoreus ignotus has been found under

rocks in a variety of Mexican localities in Yucatan and in

neighboring Campeche (Fig. 26C).

Etymology.—The Latin specific epithet ignotus (unknown,

strange) refers to the necessity for us to erect a new genus to

accommodate this species.

Genus Pseudalbiorix Harvey, Barba,

Muchmore and Perez 2007

Pseudalbiorix Harvey, Barba, Muchmore and Perez 2007:611;

Harvey 2013:unpaginated.

Type species.

—

Albiorix reddelli Muchmore 1982b, by

original designation.

Diagnosis .—Pseudalbiorix differs from all other ideoroncids

by the enlarged, bifurcate retrolateral chelal condyle (Harvey

et al. 2007).

Description.

—

Adult: See Harvey et al. (2007). In addition:

base of fixed chelal finger without small denticles.

Nymphs: See Harvey et al. (2007).

Remarks.—The four species of Pseudalbiorix are found in

Central America and western Cuba (Harvey et al. 2007)

(Figs. 2B, 26D).

KEY TO SPECIES OE PSEUDALBIORIX (EROM HARVEY ET AL. 2007)

1. Most teeth of fixed chelal finger long and erect, clearly longer than wide 2

Most teeth of fixed chelal finger of medium length and retrorse, clearly wider than long 3

2. Large troglomorphic species, e.g., pedipalpal femur 1.26-1.39 mm in length; chela (without pedicel) 2.10-2.24 mm in length ....

P. muchmorei

Medium-sized epigean species, e.g., pedipalpal femur 0.68-1.03 mm in length; chela (without pedicel) 1.14-1.68 mm in length. . .

P. armasi

3. Slightly larger in size, e.g., chela (with pedicel) length greater than 1.20 mm; most teeth of fixed chelal finger triangular ... P. reddelli

Slightly smaller in size, e.g., chela (with pedicel) length less than 1.20 mm; most teeth of fixed chelal finger arcuate .... P. veracruzensis

Pseudalbiorix armasi Barba and Perez 2007

Fig. 26D

Pseudalbiorix armasi Barba and Perez, in Harvey, Barba,

Muchmore and Perez 2007:623-625, Figs. 2, 33-37; Harvey

2013:unpaginated.

Material examined.—See Harvey et al. (2007), as well as:

CUBA: Pinar del Rio: 1 male, Los Banos de San Vincente

(22°40'N, 83°43'W), 1 August (no year stated), Parsons

(MCZ, Hoff slide S-3299).

Diagnosis.—Like P. muchmorei, this species has large, erect

chelal teeth, but differs by being smaller, e.g., pedipalpal femur

0.68-1.03 mm in length, and chela (without pedicel) 1.14-

1.68 mm in length.

Description.

—

Adult: See Harvey et al. (2007).

Nymphs: See Harvey et al. (2007).

Remarks.

—

Pseudalbiorix armasi is known only from Pinar

del Rio Province, Cuba (Fig. 26D).

Pseudalbiorix muchmorei Barba and Perez 2007

Fig. 26D

Pseudalbiorix muchmorei Barba and Perez, in Harvey, Barba,

Muchmore and Perez 2007:621-623, Figs. 3, 28-32; Harvey

20I3:unpaginated.

Material examined.—See Harvey et al. (2007).

Diagnosis.—Like P. armasi, this species has large, erect

chelal teeth, but differs by being larger, e.g., pedipalpal femur

1.26-1.39 mm in length, and chela (without pedicel) 2.10-

2.24 mm in length.

Description.

—

Adult: See Harvey et al. (2007).

Remarks.

—

Pseudalbiorix muchmorei is known only from

caves situated in Pinar del Rio Province, Cuba (Fig. 26D).

Pseudalbiorix reddelli (Muchmore 1982)

Fig. 26D

Albiorix reddelli Muchmore 1982b:77, Figs. 37-40; Mahnert

1984a:676-677, Fig. 47 [as Albiorix (?) redded (sic)]; Harvey

1991:318; Ceballos 2004:428.

Pseudalbiorix reddelli (Muchmore): Harvey et al. 2007:613-

618, Figs. 1, 2, 8-22; Harvey & Volschenk 2007:368,

Figs. 1^; Harvey 2013:unpaginated.

Material examined.—See Harvey et al. (2007).

Diagnosis.—Like P. veracruzensis, this species has medium
length chelal teeth, but differs by being slightly larger, e.g.

chela (with pedicel) length greater than 1.20 mm, and most

teeth of fixed chelal finger triangular.

Description.

—

Adult: See Harvey et al. (2007).

Nymphs: See Harvey et al. (2007).

Remarks.—This species was originally described from

specimens collected within Grutas de Monteflor, Oaxaca,

Mexico (Muchmore 1982b) and was redescribed from

numerous specimens by Harvey et al. (2007). It is only known
from southern Mexico (Fig. 26D).
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Figure 30 .—Typhloronciis spp., anal region, ventral: A. T. coralensis Muchmore (distorted during slide preparation), male (FSCA,

WM6566.02001); B. T. xilitlensis Muchmore, male holotype (FSCA, WM6104.01001); C. Anal region, ventral. Scale lines = 0.2 mm.

Pseudalbiorix veracruzensis (Hoff 1945)

Figs. lA, IB, 26D

Albiorix veracruzensis Hoff 1945:4-7, figs 6-9; Harvey

1991:318; Ceballos 2004:428.

Pseudalbiorix veracruzensis (Hoff): Harvey et al. 2007:619-

621, Figs. 3, 8, 23-27; Murienne et al. 2008:174; Harvey

2013:unpaginated.

Material examined.—See Harvey et al. (2007).

Diagnosis.—Like P. reddelli, this species has medium length

chelal teeth, but differs by being slightly smaller, e.g., chela

(with pedicel) length less than 1.20 mm, and most teeth of

fixed chela! finger arcuate.

Description.

—

Adult: See Harvey et al. (2007).

Nymphs: See Harvey et al. (2007).

Remarks.—Originally described in the genus Albiorix, this

species was transferred to the genus Pseudalbiorix by Harvey

et al. (2007). It is known from various locations in Belize,

Guatemala and southern Mexico (Fig. 26D).

Genus Typhloroncus Muchmore 1979

Typhloroncus Muchmore 1979:317-318; Mahnert 1984a:677;

Muchmore 1986:27-28; Harvey 1991:322; Harvey 2013:un-

paginated.

Type species.—Typhloroncus coralensis Muchmore 1979, by

original designation.

Diagnosis,—Typhloroncus can be distinguished from all

other ideoroncid genera by the position of the anal operculum
which either abuts sternite X or is situated very close to it

(Figs. 30A-C).

Description.

—

Adult: setae: long, straight and acicular.

Chelicera: hand with 5 or 6 setae; movable finger with 1

long subdistal seta; rallum of 4 blades, all blades serrate;

lamina exterior absent; galea long and slender.

Pedipalp (Fig. 3 1C): long and slender. Patella with disto-

prolateral excavation. Fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria

(Fig. 3 IE): eb region with 1 trichobothrium; est region with 6

trichobothria; ih region with 4 trichobothria; ist region with 6

trichobothria; b region with 2 trichobothria; sh and st regions

with 1 trichobothrium; and t region with 6 trichobothria; sb

not dorsally displaced relative to st. Venom apparatus present

in both chelal fingers, venom duct terminating in nodus

ramosus near est region in fixed finger and near t region in

movable finger. Chelal teeth all closely spaced (Figs. 3 IF,

31G); base of fixed chelal finger with several small denticles.

Chelal hand with retrolateral condyle small and rounded.

Carapace: eyes present (Figs. 31 A, 3 IB) or absent; with or

without posterior furrow; anterior margin with 4 or occasion-

ally 5 setae.

Coxal region: manducatory process with 2 long distal setae.

Median maxillary lyrifissure present and sub-basally situated.

Legs: femur I and 11 without basal swelling; femora I and II

with primary slit sensillum directed transversely; femur I much
longer than patella I; suture line between femur IV and patella

IV transverse; metatarsus shorter than tarsus; metatarsal

pseudotactile seta sub-proximal; legs with subterminal tarsal

setae terminally denticulate, acicular or strongly lanceolate;

arolium shorter than claws, not divided, with ventral hooked

protuberance; without sub-ungual spine; claws slender and

simple (Fig. 3 ID).

Abdomen: tergites and sternites undivided, medial sternites

without medial suture line. Pleural membrane longitudinally

striate. Each stigmatic sclerite with 1 seta; spiracles simple,

with spiracular helix. Anterior margin of anal operculum

touching posterior margin of sternite XI (Figs. 30A-C).

Genitalia: male median genital sac bipartite; female with

large gonosac covered with scattered pores.

Nymphs: Unknown.
Remarks.—The genus Typhloroncus was proposed by

Muchmore (1979) for a small blind ideoroncid from the U.S.

Virgin Islands and was later extended with the description of
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four large troglobites from Mexico (Muchmore 1982b, 1986)

(Figs. 2B, 26E). Members of the genus are currently char-

acterised by the lack of eyes, the short, undivided arolium, the

number of trichobothria, and the presence of a dorsal

eminence on the chelal hand (Muchmore 1982b). Most
notably they lack various features diagnostic of other genera,

such as the divided arolium in Albiorix, the bipartite

retrolateral chelal condyle in Pseiidalhiorix, and the widely

spaced teeth of Xorilbia. We have found during this study that

the anal operculum closely abuts the posterior margin of sternite

X in all five named species of Typhloroncus, as well as in the new
epigean species from Mexico (Figs. 30A-C). The discovery of an

eyed species of Typhloroncus necessitates a modification of the

genus, which we propose can be diagnosed by the juxtaposition

of the anal operculum and sternite X. This peculiar morphology

is not found in any other ideoroncid genus.

KEY TO SPECIES OF TYPHLORONCUS
1. Smaller, epigean species, e.g., pedipalpal femur less than 1 mm in length 2

Larger, troglobitic species, e.g., pedipalpal femur greater than 2 mm in length 3

2. Eyes present (Figs. 31A, 31B) T. phmodentatiis

Eyes absent .... T. coralensis

3. Ventral and subterminal tarsal setae of all legs strongly lanceolate T. attenuatiis

Ventral and subterminal tarsal setae of legs unmodified 4

4. Pedipalpal segments slender, e.g., femur of female 4.5 X longer than broad; chela (without pedicel) of female 4.5 X longer than

broad T. diabolus

Pedipalpal segments very slender, e.g., femur of female greater than 7.0 X longer than broad; chela (without pedicel) of female

greater than 5.5 X longer than broad 5

5. Pedipalpal femur of female 2.03 mm long and 7.25 X longer than broad; chela (without pedicel) of female 3. 1 1 mm long and 5.9

X longer than broad T. troglobius

Pedipalpal femur of female 2.37 mm long and 7.65 X longer than broad; chela (without pedicel) of female 3.77 mm long and 6.85

X longer than broad T. xilitlensis

Typhloroncus attemiatiis Muchmore 1982

Fig. 26E

Typhloroncus attenuatiis Ninchmoxt 1982b:73-75, Figs. 30-32;

Mahnert 1984a:677-678, Fig. 50; Muchmore 1986:28;

Harvey 1991:322; Ceballos 2004:428; Villegas-Guzman

2009:64—66, Figs. 1-7; Harvey 2013:unpaginated.

Material examined.—Holotype. MEXICO: Tamaulipas:

female, Cueva del Brinco, near Conrado Castillo, about

40 km NW. of Ciudad Victoria (23°29'N, 99°19'W), April

1978, A. Grubbs, D. Pate, P. Sprouse, T. Treacy, S. Balsdon,

R. Hemperly, P. Strickland (ESCA, WM5465.01001).

Diagnosis .— Typhloroncus attenuatiis is a large blind troglo-

bite that differs from all other species of the genus by the

strongly lanceolate subterminal and ventral tarsal setae of all

legs.

Description.

—

Adult: See Muchmore (1982b, 1986) and

Villegas-Guzman & Erancke (2009) (but see Remarks below).

Remarks.—The original description was based on a single

female from Cueva del Brinco, Tamaulipas, Mexico (Much-

more 1982b), and later augmented by the description of two

males from Sistema Cavernario Purificacion (Villegas-Guz-

man & Francke 2009), which is situated some 60 km to the

north of the type locality (Fig. 26E).

Villegas-Guzman & Francke (2009) claimed that the

carapace of their male bore 60 setae but this is likely to be

an overestimate, as the holotype only bears 1 1 setae

Muchmore (1982b). The discrepancy has probably arisen by

mistaking the many small cuticiilar pores on the carapace with

setal areoles.

Typhloroncus coralensis Muchmore 1979

Fig. 26E

Typhloroncus coralensis Muchmore 1979: 318-319, Figs. 1-5;

Muchmore 1982b:71; Mahnert 1984a:677, Fig. 48; Much-

more 1986:28, Fig. 19; Harvey 1991:322; Muchmore 1993:32;

Harvey et al. 2007:Fig. 7; Harvey 2013:unpaginated.

Material examined.—US VIRGIN ISLANDS: Saint John: 1

male, above Coral Bay, Saint John Island (18°21'N, 64°43'W), 9

May 1984, under rock, W.B. Muchmore (FSCA, WM6566.02001).

Diagnosis .— Typhloroncus coralensis is the only epigean

species of the genus that completely lacks eyes.

Description .—Adult male: Color: pedipalps red-brown;

carapace light red-brown; legs and abdomen pale yellow-

brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 setae; movable finger with 1

submedial seta; galea very slender and elongate; fixed finger

with 16 small teeth; movable finger with 7 small teeth; rallum of

4 blades, each with several serrations; lamina exterior absent.

Pedipalp: Mostly smooth except for most of trochanter, the

prolateral faces of the femur, patella and chela, and the

retrolateral face of the chelal fingers which are lightly

tuberculate; trochanter 2.50, femur 4.24, patella 3.50, chela

(with pedicel) 3.88, chela (without pedicel) 3.65, hand 1.49 X
longer than broad, movable finger 1.48 X longer than hand

(without pedicel). Fixed chelal finger and hand with 22

trichobothria, movable chelal finger with 10 trichobothria: eb,

esb and isb in straight row at base of finger; eb region with 1

trichobothrium; ib region with 5 trichobothria; ist region with

6 trichobothria; est region with 6 trichobothria; et slightly

distal to it\ b region with 2 trichobothria; / region with 6

trichobothria; sb not dorsally displaced relative to st\ t region

not overlapping with est region. Venom apparatus present in

both chelal fingers, venom duct terminating in nodus ramosus

slightly distal to est region in fixed finger and within t region in

movable finger. Chelal teeth: fixed finger with 66 low,

juxtadentate teeth; movable finger with ca. 24 low, juxtaden-

tate teeth; base of fixed chelal finger with several small

denticles.
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Carapace: lateral margins evenly convex; ? x longer than

broad (flattened); eyes absent; anterior margin medially

prominent; with 18 setae including 4 on anterior margin and

4 on posterior margin; with obvious posterior furrow.

Coxal region: manducatory process somewhat pointed, with

2 apical acuminate setae; chaetotaxy: 2 + 7: 4: 6: 7: 6.

Legs: femur + patella 2.36 X longer than deep; subterminal

tarsal setae terminally denticulate; arolium about as long as

claws, not divided, with ventral hooked process.

Abdomen: tergites and sternites not divided and uniseriate.

Tergal chaetotaxy: 4: 4: 6: 9: 7: 7: 9: 9: 9: 9: 6 (including 4

tactile setae): 2. Sternal chaetotaxy: 8: ( 1 ) 9 [3 + 4] ( 1 ): ( 1 ) 6 ( 1 ):

8: 8: 9: 10: 9: 12: 6 (including 4 tactile setae): 2. Setae of tergites

and sternites IX-XI acuminate. Anterior margin of anal

operculum touching posterior margin of sternite XI.

Genitalia: male median genital sac not visible in material

examined.

Dimensions (mm): Body length ca. 2.0. Pedipalp: trochanter

0.351/0.137, femur 0.704/0.166, patella 0.584/0.167, chela (with

pedicel) 1.182/0.305, chela (without pedicel) 1.112, hand

(without pedicel) length 0.454, movable finger length 0.672.

Chelicera 0.321/0.154, movable finger length 0.186. Carapace

0.570/? (flattened). Leg I: femur 0.316/0.086, patella 0.174/

0.084, tibia 0.269/0.058, metatarsus 0.122/0.045, tarsus 0.231/

0.038. Leg IV: femur + patella 0.487/0.206, tibia 0.372/0.091,

metatarsus 0.180/0.059, tarsus 0.282/0.042.

Remarks.—Typhloroncus coralemis is found in the US Virgin

Islands where it occurs under rocks on wooded hillsides

(Muchmore 1979) (Fig. 26E). Mahnert (1984a) and Muchmore

(1986) provided illustrations of the chelal trichobothrial pattern.

The original description of the adult female is here supplemented

with the description of an adult male from the type locality.

Typhloroncus diaholus Muchmore 1982

Fig. 26E

Typhloroncus diabolus Muchmore 1982b:73, Figs. 27-29;

Mahnert 1984a:677, Fig. 51; Muchmore 1986:28; Harvey

1991:322; Ceballos 2004:428; Harvey 2013:unpaginated.

Material examined.—Holotype. MEXICO: Veracruz: fe-

male, Cueva del Diablo, 3 km SSW. of Ciudad Mendoza
(18°47'N, 97°11'W), 7 March 1973, J.R. Reddell, S. Murphy
(FSCA, WM3415.01001).

Diagnosis.—Typhloroncus diabolus is a large, blind troglo-

bite that differs from T. attenuatus by the lack of lanceolate

setae on the leg tarsi, and from T. troglobius and T. xilitlensis

by the less slender pedipalpal segments, e.g., femur of female

4.5 X longer than broad, and chela (without pedicel) of female

4.5 X longer than broad.

Description.—Adult: See Muchmore (1982b) and (Mahnert

1984a).

Remarks.—Typhloroncus diabolus was described by Much-
more (1982b) from a single female from Cueva del Diablo,

Mexico (Fig. 26E). Mahnert (1984a) provides an illustration

of the chelal trichobothrial pattern.

Typhloroncus planodentatus Harvey & Muchmore sp. nov.

Figs. 26E, 31

Material examined.—Holotype. MEXICO: San Luis Potosl:

male, 20 miles S. of Vallea (most likely Ciudad Valles; see

Remarks) (21°41'N, 98°58'W), 14 April 1946 [L.I.] Davis

(AMNH, Hoff slide S-1194).

Paratvpe. MEXICO: Tamaulipas: 1 female, Gomez Farias

(23°03'N, 99°09'W), 15 February 1970, J.A.L. Cooke (FSCA,

WM2103.01001).

Other material. MEXICO: Tamaulipas: 1 male. Mesa Liera

(23°19'N, 99°01'W), 16 May 1974, epigean, Elliott et al.

(FSCA, WM3872.01001).

Diagnosis.—Typhloroncus planodentatus is the only known
species of the genus that possesses eyes (Figs. 31 A, 3 IB).

Description.

—

Adult: Color: pedipalps red-brown; carapace

light red-brown; legs and abdomen pale yellow-brown.

Setae: generally long, straight and acicular.

Chelicera: hand with 6 (occasionally 7) setae; movable

finger with 1 submedial seta; galea very slender and elongate;

fixed finger with 7 (male), 7 (female) small teeth; movable

finger with 8 (male), 8 (female) small teeth; rallum of 4 blades,

each with small serrations; lamina exterior absent.

Pedipalp (Fig. 3IC). Mostly smooth except for retroiateral

face of trochanter, and the prolateral faces of the femur,

patella and chela, which are lightly tuberculate; trochanter

2.45-2.64 (male), 2.33 (female), femur 3.58^.57 (male), 3.70

(femle), patella 2.84-3.47 (male), 2.78 (female), chela (with

pedicel) 3.46-4.06 (male), 3.13 (female), chela (without pedicel)

3.27-3.81 (male), 2.94 (female), hand 1.32-1.52 (male), 1.25

(female) x longer than broad, movable finger 1.54-1.57 (male),

1.38 (female) x longer than hand (without pedicel). Fixed chelal

finger and hand with 22 trichobothria, movable chelal finger

with 10 trichobothria (Fig. 3 IE): eh, e.sh and i.sh in straight row

at base of finger; eh region with 1 trichobothrium; ih region with

5 trichobothria; ist region with 6 trichobothria; est region with 6

trichobothria; et slightly distal to it; h region with 2

trichobothria; t region with 6 trichobothria; sb not dorsally

displaced relative to st; t region not overlapping with est region.

Venom apparatus present in both chelal fingers, venom duct

temiinating in nodus ramosus slightly distal to est region in

fixed finger and within t region in movable finger. Chelal teeth:

fixed finger with 54—55 (male), 48 (female) teeth, truncate and

flat-topped, becoming slightly angulate in basal half of finger

(Fig. 31G); movable finger with ca. 45^8 (male), 40 (female)

teeth, truncate and flat-topped (Fig. 3 IF); base of fixed chelal

finger with several small denticles.

Carapace (Fig. 31 A): lateral margins evenly convex; 1.34

(male) x longer than broad (female distorted); with 2 small

bulging eyes; with anterior margin medially prominent; with

18 setae including 4 on anterior margin and 4 on posterior

margin; without furrows.

Coxal region: manducatory process somewhat pointed, with

2 apical acuminate setae; chaetotaxy: 2 -i- 5: 4: 5: 5: 5 (male); 2

-I- 6: 5-6: 4: 5: 6 (female).

Legs: femur -i- patella 2.21-2.33 (male), 2.42 (female) x

longer than deep; subterminal tarsal setae acuminate, without

additional rami (Fig. 3 ID); arolium slightly shorter than

claws, not divided, with ventral hooked process (Fig. 3 ID).

Abdomen: tergites and sternites not divided and uniseriate.

Tergal chaetotaxy: male, 4: 4: 8: 8: 8: 8: 8: 10: 10: 10: 6

(including 4 tactile setae): 2; female, 4: 5: 8: 8: 8: 8: 9: 9: 10: 5

(including 4 tactile setae): 2. Sternal chaetotaxy: male, 7: (1) 8

[3 + 3] (1): (1) 4 (1): 8: 8: 10: 10: 11: 10: 4 (including 2 tactile

setae): 2; female, 7: ( 1 ) 6 ( 1 ): ( 1 ) 5 ( 1 ): 8: 8: 8: 9: 11: 10: 4
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Figure 31 .—Typhloroncus plamdentatus Harvey & Muchmore sp. nov., male holotype, unless stated otherwise: A. Carapace, dorsal, male

paratype (FSCA, WM3872.01001); B. Carapace, region of left eye, dorsal; C. Right pedipalp, dorsal; D. Tip of left tarsus IV, paratype female

(FSCA, WM2103.01001); E. Left chela, lateral; F. Tip of movable chelal finger, lateral; G. fixed chelal finger, lateral. Scale lines = 0.5 mm (C);

0.2 mm (A, B); 0.1 mm (E-G).

(including 2 tactile setae): 2. Setae of tergites and sternites IX-
XI acuminate. Anterior margin of anal operculum touching

posterior margin of sternite XI (Fig. 30C).

Genitalia: male with median genital sac not visible in

material examined. Female with large gonosac which is

covered with scattered pores.

Dimensions (mm): Males: holotype followed by other males

(where applicable): Body length ca. 1.65 (2.22). Pedipalp:

trochanter 0.274/0.1 12 (0.335/0.127), femur 0.505/0.141 (0.672/

0.147), patella 0.435/0.153 (0.573/0.165), chela (with pedicel)

0.918/0.265 (1.160/0.286), chela (without pedicel) 0.866

(1.090), hand (without pedicel) length 0.350 (0.435), movable

finger length 0.538 (0.686). Chelicera 0.264, movable finger

length 0.127. Carapace ?/? (damaged) (0.607/0.454); eye

diameter 0.026 (0.016). Leg I: femur 0.243/0.076, patella

0.141/0.069, tibia 0.187/0.055, metatarsus 0.118/0.043, tarsus

0.202/0.038. Leg IV: femur + patella 0.444/0.201 (0.518/0.222),

tibia 0.320/0.082, metatarsus 0.166/0.058, tarsus 0.266/0.042.



HARVEY & MUCHMORE—IDEORONCIDAE IN THE NEW WORLD 287

Female: Body length 2.13. Pedipalp: trochanter 0.298/0.128,

femur 0.573/0.155, patella 0.461/0.166, chela (with pedicel)

1.003/0.320, chela (without pedicel) 0.942, hand (without

pedicel) length 0.400, movable finger length 0.552. Chelicera

0.296/0.147, movable finger length 0.177. Carapace 0.551/?

(distorted); eye diameter 0.026. Leg I: femur 0.273/0.084,

patella 0.138/0.077, tibia 0.216/0.057, metatarsus 0.120/0.049,

tarsus 0.203/0.030. Leg IV: femur + patella 0.201/0.193, tibia

0.347/0.087, metatarsus 0.170/0.062, tarsus 0.267/0.045.

Remarks.—Typhloroncus planodentatus is the first species of

the genus to be found that possesses eyes, as all others,

including the type species from the US Virgin Islands,

completely lack eyes (Muchmore 1979, 1982b, 1986). The

specimen from Mesa Llera differs from the other two

specimens by having a substantially smaller eye diameter,

0.016 mm in the Mesa Llera specimen (Fig. 31B) and 0.026 mm
in the others (Fig. 31 A). However, we refrain from referring

this specimen to a new species, as the differences are slight,

and they have all been collected near each other.

Typhloroncus planodentatus has been found only on three

occasions in the neighboring Mexican states of Tamaulipas

and San Luis Potosi (Fig. 26E). Even though the hand-written

slide label of the male holotype from San Luis Potosi clearly

reads “20 MILES S. OF VALLEA”, the locality is most likely

south of Ciudad Valles. The collector of the specimen, L. Irby

Davis, collected widely in the area during the late 1930s and to

the mid-1940s (e.g., Archer 1953; Gertsch & Davis 1946;

Lowery & Newman 1951), and the spelling on the slide label

appears to be a minor transcription error.

Etymology.—The specific epithet refers to the flattened

teeth of the fixed chelal finger, planus, Latin, even, flat, level,

smooth, and dentatus, Latin, toothed, pointed (Brown 1956).

Typhloroncus troglobius Muchmore 1982

Fig. 26E

Typhloroncus troglobius Muchmore, 1982b:71-73, Figs. 24-26;

Mahnert 1984a:677, Fig. 49; Muchmore 1986:28; Harvey

1991:322; Ceballos 2004:428; Harvey 2013:unpaginated.

Material examined.

—

Holotype. MEXICO: Puebla: female,

Grutas de Atepolihuit, 5 km SW. of Cuetzalan (I9°59'N,

97°33'W), 18 December 1976, J.R. Reddell, D. McKenzie, C.

Solieau (FSCA, WM4676.01001).

Diagnosis.—Typhloroncus troglobius is a large, blind troglo-

bite that differs from T. attenuatus by the lack of lanceolate

setae on the leg tarsi, and from the other congeneric

troglobites {T. diabolus and T. xilitlensis) in being slightly

smaller, e.g., pedipalpal femur of female 2.03 mm long, and

chela (without pedicel) of female 3.11 mm long, compared
with femur 2.34-2.37 mm long and chela (with pedicel) 3.73-

3.77 mm long in T. diabolus and T. xilitlensis.

Description.—Adult: See Muchmore (1982b) and Mahnert

(1984a).

Remarks.

—

Typhloroncus troglobius was described by Much-
more (1982b) from a single female from Grutas de Atepoli-

huit, Mexico (Fig. 26E). Mahnert (1984a) provides an

illustration of the chelal trichobothrial pattern.

Typhloroncus xilitlensis Muchmore 1986

Fig. 26E

Typhloroncus xilitlensis Muchmore 1986: 28-30, Figs. 20-21;

Harvey 1991:322; Ceballos 2004:428; Harvey 2013:unpagi-

nated.

Material examined.—Holotype. MEXICO: San Luis Potosi:

female, Sotano de Huitzmolotitla, 2 km NNW. of Xilitla

(2r25'N, 99°00'W), 4 January 1982, O. Kukal (FSCA,
WM6104.01001).

Diagnosis.—Typhloroncus xilitlensis is a large, blind troglo-

bite that differs from other congeneric troglobites as follows:

from T. attenuatus by the lack of lanceolate setae on the leg

tarsi, from T. troglobius by its larger size, e.g.,pedipalpal femur

of female 2.37 mm long, and chela (without pedicel) of female

3.77 mm long, compared with 2.03 mm and 3.11 mm,
respectively, and from T. diabolus is having more slender

pedipalpal segments, e.g., pedipalpal femur of female 7.65 X
longer than broad, and chela (without pedicel) of female 6.85

X longer than broad.

Description.

—

Adult: See Muchmore (1986).

Remarks.—Typhloroncus xilitlensis was described by Much-
more (1986) from a single female from Sotano de Huitzmo-

lotitla, Mexico (Fig. 26E).

Genus Xorilbia Harvey & Mahnert 2006

Xorilbia Harvey & Mahnert 2006:228.

Type species.—Ideoroncus arboricola Mahnert 1979, by

original designation.

Diagnosis.—Xorilbia resembles Mahnertius, Typhloroncus

and Dhanus siamensis in having arolia that are shorter than the

claws, and that also have a small hooked protuberance. Unlike

these genera, Xorilbia has a divided arolium.

Description.

—

Adult: See Harvey & Mahnert (2006). In

addition: base of fixed chelal finger without small denticles.

Nymphs: Pedipalps: Tritonymph: fixed finger with 15

trichobothria, movable finger with 8 trichobothria; eb region

with 1 trichobothrium; ib region with 4 trichobothria; ist region

with 3 trichobothria; est region with 4 trichobothria; et slightly

distal to it, b region with 2 trichobothria; t region with 5

trichobothria. Deutonymph: not documented. Protonymph: eb,

et, ist and t regions each with 1 trichobothrium; others absent.

Remarks.

—

Xorilbia occurs in the Amazonian region of

northern Brazil and southern Venezuela (Figs. 2A, 26F).

KEY TO SPECIES OF XORILBIA

1 . Fixed chelal finger with basal teeth forming broad lamella X. lamellifer

Fixed chelal finger with basal teeth not forming broad lamella 2

2. Teeth of movable chelal finger distinct X. arboricola

Teeth of movable chelal finger barely discernable X. gracilis
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Xorilhiu arhoricola (Mahnert 1979)

Fig. 26F

Ideoroncus arhoricola Mahnert 1979:753-755, Figs. 70-74;

Adis et al. 1987:488; Saturnino et al. 2009:35.

Alhiorix arhoricola {Mahn^xi): Mahnert 1984a:672-673; Mah-
nert 1985a:78; Mahnert & Adis 1986:213; Mahnert et al.

1986:Fig. 10; Flarvey 1991:316; Adis & Mahnert
1993:Fig. 5; Mahnert & Adis 2002:379, Fig. 10; Adis et al.

2002:5; Aguiar et al. 2006:796, etc.

Xorilhia arhoricola (Mahnert): Harvey & Mahnert 2006:229;

Harvey 2013 unpaginated.

Alhiorix aff. arhoricola (Mahnert): Mahnert 1984a:673 (see

Alhiorix gracilis Mahnert).

Material examined.—None.

Diagnosis.

—

Xorilhia arhoricola lacks the broad dental

lamella of the fixed chelal finger found in X. lamelUfer and

has distinct teeth on the movable chelal finger (Mahnert 1979,

1984a).

Description.

—

Adult: See Mahnert (1979, 1984a).

Remarks.—This species was originally described as a species

of Ideoroncus, but transferred to Alhiorix when it was found to

have divided arolia (Mahnert 1984a). It was transferred to the

new genus Xorilhia by Harvey & Mahnert (2006) and is known
from the Brazilian states of Amazonas and Para (Fig. 26F).

Xorilhia gracilis (Mahnert 1985)

Fig. 26F

Alhiorix aff. arhoricola (Mahnert): Mahnert 1984a:673.

Alhiorix gracilis Mahnert 1985b:223-224, Figs. 27-28; Mah-
nert & Adis 1986:213; Adis and Mahnert 1990:13, Figs. 2-3;

Harvey 1991:317; Adis & Mahnert 1993:435, Figs. 2-3, 5;

Mahnert & Adis 2002:379; Adis et al. 2002:5; Aguiar et al.

2006:795, 796, etc.; Saturnino et al. 2009:35.

Xorilhia gracilis (Mahnert): Harvey & Mahnert 2006:229-230.

Xorilhia cf. gracilis (Mahnert): Turienzo et al. 2010:561, 584—

585.

Material examined.—See Harvey & Mahnert (2006).

Diagnosis.

—

Xorilhia gracilis lacks the broad dental lamella

of the fixed chelal finger found in X. lamellifer and has barely

discernible teeth on the movable chelal finger (Mahnert

1985b).

Description.

—

Adult: See Mahnert (1985b).

Nymphs: See Mahnert (1985b).

Remarks.—This species was originally described in the

genus Alhiorix (Mahnert 1985b), but was transferred to the

new genus Xorilhia by Harvey & Mahnert (2006). It is only

known from the Brazilian state of Amazonas, and the

Venezuelan state of the same name (Harvey & Mahnert
2006) (Fig. 26F).

Xorilhia lamellifer (Mahnert 1985)

(Fig. 26F)

Alhiorix lamellifer Mahnert 1985:224-225, Figs. 29-31; Mah-
nert & Adis 1986:213; Harvey 1991:317; Mahnert & Adis

2002:379; Saturnino et al. 2009:36.

Xorilhia lamellifer (Mahnert): Harvey & Mahnert 2006:230,

Fig. 1; Harvey 2013:unpaginated.

Material examined,—See Harvey & Mahnert (2006).

Diagnosis .—Xorilhia lamellifer differs from the other two
species of the genus by the fusion of the basal teeth of the fixed

chelal finger into a broad lamella (Mahnert 1985b, Fig. 31).

Description.

—

Adult: See Mahnert (1985b).

Remarks.—This species was originally described in Alhiorix

(Mahnert 1985b), but was transferred to the new genus

Xorilhia by Harvey & Mahnert (2006). It is only known from
the Brazilian state of Amazonas (Fig. 26F).
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On the enigmatic genus PhUorai familial assignment and taxonomic revision

(Opiliones: Laniatores: Stygnopsidae)

Jesus A. Cruz-L6pez‘ and Oscar F. Francke; Coleccion Nacional de Aracnidos, Departamento de Zoologia,

Instituto de Biologia, Universidad Nacional Autonoma de Mexico. 3er. Circuito exterior s/n. Apartado Postal 70-153,

C.P. 04510, Ciudad Universitaria, Coyoacan, Ciudad de Mexico, Distrito Federal, Mexico

Abstract. The harvestman genus Philora Goodnight & Goodnight 1954 and the type species P. tuxtlae are redescribed,

and Philora quetzalzin new species is described. The genus is newly assigned to the family Stygnopsidae Sorensen 1932

based on external morphology and male genitalia, which are described herein for the first time. The genus is compared with

the morphologically similar genera Paramitraceras Pickard-Cambridge 1905, Sbordonia Silhavy 1977, and Trogloslygnopsis

Silhavy 1974 sensu stricto. Philora is unique within the family in having a scutum completum. The presence of a scutum

completum in Philora and others laniatoreans is discussed. The male genitalia of the genera Paramitraceras, Philora,

Troglostygnopsis and presumably the genus Sbordonia, are very similar and share a morphological pattern described here as

the Paramitraceras-pattern.

Keywords: Mexico, Stygnopsidae, new species, scutum completum, male genitalia

There are 66 genera and 92 species without familial

assignment (incertae sedis) within the harvestman suborder

Laniatores Thorell 1876, representing 4.8% and 2.2% of the

total diversity of the suborder (Kury 2011). Recently, some

genera listed as incertae sedis or with predetermined familial

assignment have been transferred to different families, based

on morphological characters (particularly male genitalia) or

based on cladistic analyses (Pinto-da-Rocha & Kara 2009;

Perez-Gonzalez 201 1; Kury 2012; Villareal & Kury 2012). The
monotypic genus Philora Goodnight & Goodnight 1954 and

its type species P. tuxtlae was described from material

collected near the San Martin Volcano, Los Tuxtlas, Veracruz

in Mexico. The authors indicated that this genus is related to

Paramitraceras Pickard-Cambridge 1905, differing only by a

lower tarsal count of 2(1):2(1):4:4 in Philora versus 3(2):4(2):5:

5 in Paramitraceras. Initially, this genus was assigned to the

subfamily Phalangodinae Simon 1879 of the family Phalango-

didae Simon 1879, a familial assignment based on few, poorly

understood external morphological characters, and the genus

was later regarded as incertae sedis until adequately reviewed

in a modern context (Kury & Cokendolpher 2000; Kury 2003).

Recently we made several collecting trips to the rainforests

of the Los Tuxtlas region, and have collected adult specimens

of P. tuxtlae from the type locality. In addition, specimens of a

second species of the genus, described herein, were collected in

the western region of the state of Veracruz. The male genitalia

of the two species assigned to Philora have an internal capsule

forming a follis on the ventral side in dorsal view of the pars

distalis, with a few distal espiniform projections and with

several setae on the pars distalis; this morphology corresponds

to the general pattern of the family Stygnopsidae Sorensen

1932, and also shows great similarity to the male genitalia of

the genus Paramitraceras (Perez-Gonzalez 2006; Cruz-Lopez
6 Francke 2012, 2013).

Using the external morphology and male genitalia of the

two species, we revise the diagnosis of the genus, newly
transfer the genus to the family Stygnopsidae, and discuss and

' E-mail: thelyphonidito@gmail.com

describe the Paramitraceras-pattern of the male genitalia,

present in the genera Paramitraceras, Philora, the type species

of the genus Troglostygnopsis Silhavy 1974, and probably in

the genus Sbordonia Silhavy 1977.

METHODS
The material examined is deposited in the Coleccion

Nacional de Aracnidos (CNAN), Instituto de Biologia,

Universidad Nacional de Mexico (UNAM), Mexico. We made
photos using a Hitachi SU1510 Scanning Electronic Micro-

scope (SEM) and a Nikon Coolpix SIO VR camera. Photo-

graphs were edited using PhotoShop CS5 software. Male

genitalia nomenclature follows Cruz-Lopez & Francke (2013).

TAXONOMY

Family Stygnopsidae Sorensen 1932

Genus Philora Goodnight & Goodnight 1954

Philora Goodnight «fe Goodnight 1954:345; Kury & Coken-

dolpher 2000:154; Kury 2003:27.

Type species.—Philora tuxtlae Goodnight & Goodnight

1954, by original designation

Emended diagnosis.—Small stygnopsids, 3 mm maximum
length. Scutum completum with numerous light-colored areas

on sides (Figs. 1,17, 33-36). Setiferous tubercles on pedipalps

with bases conical, setae inserted basally (Figs. 8, 9, 43).

Metatarsus IV dorsally with one prominent setiferous tubercle

distally, with one or two apical setae (Figs. 44, 46). Pars

distalis with Paramitraceras-pattern (as defined herein), with 6

to 10 pairs of lateral setae, arranged in two groups; these setae

originating basally or laterally to follis. Pars distalis ventroa-

pically with two pairs of setae, paramedian pair are

represented by two microsetae close to each other; lateral

pair large, pointing basally. Lobes of the dorsal bilobular

projection wing-shaped, apex points basally; ventroapical

margin of pars distalis with two lateral spiniform projections

(Figs. 12-14, 28-32). Tarsal count low, 2:2:4:4, distitarsi I and

II with one subarticle only. Males with four light-colored,

pointed areas in the stigmatic region (Figs. 37^0).
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Figures 1 3 .—Philoni tuxtkie Goodnight & Goodnight 1954, male. 1. Habitus dorsal view; 2. Habitus lateral view (arrow points to anterior

lateral light-colored areas): 3. Habitus dorso-posterior view.

Pliilora tuxtkie Goodnight & Goodnight 1954

(Figs. 116, 33,''36-38, 41-^4)

Philoni tuxtkie Goodnight & Goodnight 1954:346, Figs. 1, 2;

Kury & Cokendolpher 2000:154; Kury 2003:27.

Type data.—MEXICO: Venieruz, Holotype male?, and

paratypes males or temales? (see Remarks), San Martin

volcano. 1050 m, 12 km N of San Andres Tuxtla, Municipio

San Andres Tuxtla (deposited in American Museum of

Natural History, New York; not examined).

Material examined. -MEXICO: Veraeriiz, 1 $, Estacion

Biologica Tropical de “Los Tuxtlas”, EINAM, Municipio San

Andris Tuxtla ( 18°34'47.399"N, 95°04'53.399"W, 429 m.), 27

August 2005. O. Francke, A. Valdez, H. Montano, M.
Cordoba, A. Jaimes (CNAN); 1 d, same data, 11 January

2012, O. Francke. G. Montiel, J. Cruz, R. Monjaraz (CNAN);
8 d, 9 u 6 juveniles, same data, 10 November 2012, O.

Francke, G. Montiel, A. Valdez, J. Cruz, R. Monjaraz

(CNAN); 5 d, 10 ?, 5 juveniles, 1 km SE. of Diaz Ordaz,

Municipio San Andres Tuxtla (
18°31 '39.899"N, 95°05'12.875''W,

480 m), 10 November 2012, O. Erancke, G. Montiel, A. Valdez,

J. Cruz, R. Monjaraz (CNAN); 3 ?, 2 juveniles, 1.5 km E of

Ejido “La Perla de San Martin”, Municipio Catemaco

(18 33'19.800"N, 95°07' 16.103"W, 749m), 11 November 2012,

O. Francke, G. Montiel, A. Valdez, J. Cruz, R. Monjaraz

(CNAN); 2 ?, 1 juvenile, 3 km W of Ejido Ruiz Cortines,

Municipio Catemaco (18°31 '24.852"N, 95°08'27.780"W,

1,152 m), II November 2012, O. Francke, G. Montiel, A.

Valdez, J. Cruz, R. Monjaraz (CNAN).
Diagnosis.

—

Philoni tuxtkie differs from P. quetzalzin in

having a narrow ocularium, with a noticeably pointed apex.

The dorsal ornamentation is composed of minute tubercles in

P. tuxtkie (Fig. 1), but has larger tubercles in P. quetzalzin

(Fig. 17); the posterior tergites with the medial spiniform

tubercles markedly larger than the rest of the dorsum in P.

tuxtkie (Figs. 1-3), whereas they are uniform in size in P.

quetzalzin (Fig. 17-19). The sexual dimorphism in P. tuxtkie is

only in the coloration and shape of the stigmatic region

(Figs. 37, 38); whereas in P. qiietzalziiu the sexual dimorphism

is in the coloration and the shape of stigmatic region and the

cheliceral size (scutum/cheliceral hand ratio; 2.8 in males, vs.

scutum/cheliceral hand ratio: 3.1 in females), and the shape of

ocularium (Figs. 33, 34, 39, 40). Males of P. tuxtkie have a

small dorsodistal tubercle on metatarsus IV (Figs. 7, 44), which

is larger and mesally in P. quetzalzin (Figs. 23, 46). The 12 setae

of the pars distalis originate lateral to the follis, and are in two

distinctive groups of three setae (basal and lateral) on each side

in P. tuxtkie (Figs. 12-14); whereas they number 20, with 10
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Figures 4-7 .—Philora tuxtlae Goodnight & Goodnight 1954, male. 4. Leg I mesal view; 5. Leg II mesal view; 6. Leg III mesal view; 7. Leg IV

mesal view (arrow points to dorsodistal setiferous tubercle).

scattered setae on each side in P. quetzalzin (Figs. 28-32). The
ventroapical macrosetae of the pars distalis is stouter in P.

quetzalziu (Figs. 31, 32), than in P. tuxtlae (Figs. 14, 15).

Redescription.—Male: Measurements (based on a male

from Estacion Biologica Tropical “Los Tuxtlas”): Scutum
length: 2.3, scutum width: 1.3. Dorsum: Scutum covered by
very small tubercles, equally sized on all dorsum, with few

setae. Posterior tergites with medial tubercles noticeably

developed, rounded. Ocularium conical, basal area small,

pointed distally, without posterior bulge (Figs. 1-3).

Venter: Densely covered by spiniform setae. Coxa 1 with 1

median, irregular row of small, setiferous tubercles. Free

sternites with setae similar to the rest of ventral region, but

more densely covered. Stigmatic area with 4 differentiated

light-colored areas, 2 posterior areas slightly closer to each

other than anterior pair (Fig. 37). Anal plate with some

rounded tubercles.

Cbelicera: Scutum/cheliceral hand ratio: 4, with 3 to 4

setiferous spiniform tubercles on the frontal side, slightly

developed. Cheliceral teeth present only on fixed finger.
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Figures 8-1

1

.—Pliilora tuxtkie Goodnight & Goodnight 1954, male. 8. Pedipalp ectal view (arrow points to setiferous tubercle on pedipalpal

tibia); 9. Pedipalp mesal view; 10. Chelicera ectal view; 1 1. Chelicera frontal view.

composed by 2 low and contiguous teeth; movable finger with

medial concavity (Figs. 10, 1 1).

Pedipalp: Coxa with median irregular row of tubercles.

Trochanter globular, with 2 prominent spiniform tubercles

ventrally. Femur slightly concave mesally, with few spiniform

tubercles dorsally; ventrally with 3 noticeable, spiniform

tubercles, 2 basal, the basalmost larger than the others; the

third one distally displaced. Patella unarmed, covered only by

setae. Tibia and tarsus with 3 spiniform tubercles on both

sides, the bases of theses tubercles are conical, with the setae

displaced basally (Figs. 8, 9).

Legs: Measurements: 1: 0.35/0.20/0.7{)/().55, II: 1.00/0.36/

0.85/0.85, III: 0.45/0.25/0.69/0.80, IV: 1.00/0.35/0.70/1.00. All

legs similar in ornamentation, covered by small setae, denser

distally; posterior legs without remarkable sexual dimorphism,

covered by small setae, denser distally. Metatarsus IV with

dorsodistal tubercle, small and inconspicuous, with a small,

curved apical seta (Figs. 4—7, 44).

Genitalia: Setae of pars distalis filiform, rounded apically,

without grooves; grouped into 2 distinct sets, 1 basal and 1

mesal, of 3 setae each. Ventroapical region of pars distalis with

2 submedial microsetae and 2 lateral macrosetae pointing

basally, similar to the others setae of pars distalis; ventroapical

margin with 2 pointed apices. Base of follis excavated;

bilobular dorsal projections of the follis contiguous with it,

apices robust, pointed distally. Stylus short and hidden within
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Figures 12-16 .—Philora tuxtlae Goodnight & Goodnight 1954, male genitalia. 12. Dorsal view; 13. Lateral view; 14. Dorso-ventral view; 15.

Detail of one ventroapical microsetae and one ventroapical macrosetae on pars distalis; 16. Dorsal view of bilobular projection of follis.

the apical portion of follis, spiniform projections only visible

on the ventral side of glans. (Figs. 12-16).

Color: Scutum and venter dark brown, boundaries between

dorsal areas lighter. Lateral margins of scutum and anterior

portion of dorsal areas slightly darker. Ocularium and

prosoma reticulated, background color brown, with black

grid. Chelicera and pedipalps are very similar in coloration to

ocularium, but lighter. Legs light brown, distal articles dark

yellow. Stigmatic area with four light-colored pointed areas,

almost white (Figs. 35, 36).

Female: Very similar to male, differing only in slightly larger

size, and the shape and coloration of the stigmatic region.

Females with lateral margins of stigmatic area shorter than on

males, without 4 light-colored areas ventrally (Figs. 37, 38).

Variation: There is minimal morphological variation among
males and females; the following variation in size was
observed [ranges in mm (males/females) n = 10]: scutum
length 23-2.512.5-2.1

,

pedipalpal femur length 0. 6-0. 7/0.7-

0.8, femur II length 1.0-1. 1/1. 1-1. 2, femur IV length 1.2-1.4/

1 . 2- 1 . 3 .

Remarks.—The type material of this species was not

studied, but we consider that the material examined corre-

sponds to P. tuxtlae because in the original description the

authors mentioned the following characters: small size, low

tarsal count, dorsal ornamentation; which match the speci-

mens redescribed here. Further, the material examined comes

from localities within the “Reserva Especial de la Biosfera del

Volcan San Martin”, which includes the type locality

(Fig. 53). We question the sex of the types, as indicated by

the original authors, because males and females are very

similar and we have examined some stygnopsids of the genera

Hoplobimus Banks 1900, Karos Goodnight & Goodnight 1944

and Paramitraceras, which were identified and labeled by

Goodnight and Goodnight, and in most of them the sexual

and life-stages (adult vs. juvenile) determinations are errone-

ous. These errors in determining the sex by the Goodnights
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Figures 17 19. Pliilora qiwtzalzin new species, male. 17. Habitus dorsal view; 18. Habitus lateral view (arrow points to posterior lateral light-

colored areas); 19. Habitus dorso-posterior view.

have been corroborated by other authors (e. g., Vazquez &
Cokendolpher 1997; Cokendolpher 2004; Shear, 2010; Cruz-

Lopez & Francke 2013), and thus we do not trust their

determinations without examining the types.

Distribution. -P/;/7orc/ tiixtlae is only known from the

tropical rainforest of the Reserva Especial de la Biosfera,

Volcan San Martin, Los Tuxtlas, Veracruz (Fig. 53).

Natural history. The specimens collected in August 2005

and January 2012 were located by actively searching in

appropiate microhabitats and were found inside decomposing

tree stumps. Using this collecting method we also found many
laniatorean specimens of the genera Fkicciis Goodnight &
Goodnight 1947 of the family Biantidae Thorell 1889 [we

decided not to follow the synonymy of Flaccus under

StygiioniDhi Roewer 1912, proposed by Goodnight & Good-
night (1951 ), according to unpublished data of Perez-Gonzalez

(2006)]; “Cviiorla" Koch 1839 (Kury et al. 2007), Erginuliis

Roewer 1912, Eiicyiiortula Roewer 1912, and PciecilacDui

Koch 1839 of the family Cosmetidae Koch 1839; Hoplohiiiui.s,

Paraniilraccras, and an undetermined genus of the family

Stygnopsidae; and Pachyliciis Roewer 1923 of the family

Zalmoxidae Sorensen 1886. However, active searching was a

poor method to collect Pliilora specimens. In November 2012,

we collected by sifting leaf litter over a white sheet, obtaining

contrasting results, and many more specimens of Pliilora were

collected. This species showed thanatosic behavior, remaining

stationary for several minutes, and resembling small pieces of

dirt on the white sheet (making visual search difficult).

However, after a few minutes, they started crawling away

and their identification and capture became much easier.

Pliilora tiixtUie was found in both well-preserved and

disturbed rainforest (mostly cleared to make pastures for

cattle) where there was leaf-litter accumulation.

PMkmt quetzalzin new species

(Figs. 17-32, 33, 35, 39, 40, 45, 46)

Type material.—MEXICO: Veracruz, holotype male, 5 km
E of Tlaquilpa, Municipio Tlaquilpa (18°38'30.228"N,

97 06'26.495"W, 2,233 m), 22 January 2010, O. Francke, A.

Valdez, C. Santibanez, J. Cruz (CNAN-T0743). Paratypes: 1

male, same data as holotype (CNAN-T0744); 1 male, 1 female,

same locality, 23 March 2007, O. Francke, A. Valdez, C.

Santibanez, A. Ballesteros, H. Montano (CNAN-T0745).

Etymology.—The specific name is derived from “quetzal-

zin”, which in Nahuatl means “small beauty”. The name is

used as a noun in apposition.

Diagnosis.- Pliilora quetzalzin differs from P. tuxtiae in

having a moderately dense, noticeable dorsal ornamentation; a
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Figures 20-23 .—Philora quetzalziii new species, male. 20. Leg I frontal mesal view; 21. Leg II mesal view; 22. Leg III mesa! view; 23. Leg IV

mesal view (arrow points to dorsodistal setiferous tubercle).

Strong ocularium with a marked posterior bulge; and tubercles

of posterior tergites similar in size and shape to those on the

dorsum (Figs. 17-19, 33, 34). It exhibits notable sexual dimor-

phism, with males having a strongly developed cheliceral hand

(scutum/cheliceral hand ratio: 2.8 in males, vs. scutum/cheliceral

hand ratio: 3.1 in females), and the base of the ocularium is

wider in males than in females; whereas in P. liixtlae there is

almost no sexual dimorphism. The two species also differ in

cheliceral dentition: the fixed finger has 2 teeth in P. tuxtiae and
3 teeth in P. quetzalzur, the movable finger has no teeth in P.

tuxtiae and 2 teeth in P. quetzalzin (Figs. 10, 11, 26, 27). The

dorsal tubercle on metatarsus IV is distinctive and meso-distal

(Figs. 23, 46), whereas on P. tuxtiae it is inconspicuous and

distal. The setae of the pars distalis number 10 pairs, are

disorganized in the basal portion, originating basally to the

follis, with medial grooves, and are distally pointed rather than

rounded. The ventroapical macrosetae are considerably swollen

and quite distinctive (Figs. 28-32).

Description. -Male (liolotype): Measurements: Scutum

length: 2.9, scutum width: 1.9. Dorsum: scutum densely

covered with small, rounded setiferous tubercles, slightly

larger posteriorly. Prosoma rugose. Base of ocularium broad.
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Figures 24-27 .—Philara quetzalziii new species, male. 24. Pedipalp frontal ectal view; 25. Pedipalp mesal view; 26. Chelicera ectal view; 27.

Chelicera frontal view.

occupying over half of prosoma, dorsally covered with

anteriorly directed small tubercles, apex of ocularium robust,

ocularium with prominent posterior bulge (Figs. 17-19).

Venter: Uniformly ornate with small setiferous tubercles,

smaller than on dorsum, except in coxa I where the tubercles

are spinifonn and slightly developed. Stigmatic area with

lateral margins straight, short. Posterior light-colored pointed

areas somewhat fused (Fig. 39). Free sternites covered by

small setiferous tubercles.

Chelicera: Cheliceral hand swollen (scutum/cheliceral hand
ratio: 2.8). Basichelicerite covered dorsally by spinifonn

tubercles, the largest on ineso-distal face. Cheliceral hand

inserted dorsally on the basichelicerite; in frontal view covered

with 3 spinifonn tubercles distally pointed. Cheliceral denti-

tion heterogeneous: fixed finger with 3 teeth, the basal most

slightly larger; movable finger with 2 teeth, bulge-shaped,

rounded (Figs. 26, 27).

Pedipalp: Coxa with median irregular row of setiferous

tubercles. Trochanter globular with two blunt, larger spini-

fonn tubercles. Femur concave on mesal side, with 2 irregular

rows of spinifonn setiferous tubercles ventrally; mesal row

with 2 large tubercles, basal most largest; ectal row with 4
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Figures 28-32 .— Philora qiietzahiii new species, male genitalia. 28. Dorsal view; 29. Lateral view; 30. Dorso-ventral view; 31. Dorsal view of

bilobular projection of glans; 32. Details of ventroapical pairs of micro- and macrosetae on pars distalis.

smaller ones. Femur covered dorsally by 2 rows of small

spiniform tubercles, increasing in size distally. Patella un-

armed, covered only by setae. Tibia with 3 setiferous spiniform

tubercles on each margin. Tarsal armature similar to tibia,

setiferous tubercles with the setae at the base (Figs. 24, 25).

Legs: Measurements; I: 0.55/0.40/0.95/0.75, II: 1.40/0.55/

1.05/1.00, III: 0.65/0.40/0.80/1.00, IV: 1.25/0.45/0.90/1.25. All

legs similar in ornamentation, covered by numerous small

setae. Femora III and IV curved. Leg IV without .sexually

dimorphic ornamentation. Metatarsus IV with strong spini-

form setiferous tubercle mesodistally, with 1 or 2 apical setae

(Figs. 20-23, 46).

Genitalia: Pars distalis with 10 pairs of setae, basal to follis,

without distinct groupings, all setae with distal median groove.

Lateral margins of pars distalis in dorsal view curved towards

the follis, with a pair of minute setae on the lateral margins

hidden by curls. Apex of distal ventroapical margin with two
small lateral projections. Two pairs of ventroapical setae, the

middle pair formed by two microsetae, very close between

them; the lateral setae slightly spoon-shaped distally, with an

apical median groove. Follis narrower than the maximum
width of pars distalis, base of follis excavate; bilobular dorsal

projection widespread, apices rounded distally; stylus short

and hidden within the apical portion of follis. Spiniform

projections small and only present in the ventral side of apical

follis (Figs. 28-32).

Color: Similar to P. tiixtlae, but the boundaries between

dorsal areas of scutum almost as dark as the rest of dorsum

(Figs. 33, 34).

Female
(
paratype): Differs from the male in having a

narrower ocularium, chelicera noticeably smaller (scutum/

cheliceral hand ratio: 3.1), setiferous tubercles ofpedipalps less

developed and having lateral margins of stigmatic area shorter

than the males (Figs. 33, 34, 39, 40).

Distribution.—This species is known only from the type

locality (Fig. 53).
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Figures 33-36 .—Pliilora species, male and female lateral view. 33. Philora quetzahin new species, male; 34. P. qiietzahin, female; 35. P. tuxtkie

Goodnight & Goodnight 1954, male; 36. P. tuxtiae female. Arrows indicate anterior (females, lower illustrations) and posterior (males, upper

illustrations) light-colored areas.

Natural history.—Similar to P. tuxtiae, the specimens

collected in 2010 showed thanatosic behavior, and were found

among the roots of decomposing tree stumps, forming a small

aggregation with specimens of Flaccus sp. Philora quetzahin

inhabits a pine-oak forest, above 2,000 m, unlike P. tuxtkie

which lives in the rainforest of Los Tuxtlas region at a lower

altitude of less than 1,200 m.

DISCUSSION

Goodnight & Goodnight (1954) argued that tarsal counts

alone were sufficient to differentiate the genus Philora from its

close relative Paraniitraeeras. It is surprising that those

authors did not mention the presence of a scutum completum

in the generic diagnosis of Philora, because this character is

quite distinctive. The fusion of all dorsal tergites forming a

scutum completum was previously known only in the suborder

Cyphophthalmi Simon 1879; in the families Dicranolasmati-

dae Simon 1879, Nemastomatidae Simon 1872 and Trogulidae

Sundevall 1833 within the suborder Dyspnoi Hansen &
Sorensen 1904 (Shear 2006; Sharma & Giribet 2011).

Regarding the suborder Laniatores, the scutum completum

is present in the family Sandokanidae Ozdikmen & Kury 2007

(formerly Oncopodidae Thorell 1876), in the males of

Heteropaehylus iuexpectahilis (Soares & Soares 1946) of the

family Gonyleptidae Sundevall 1833, and presumably in

Paralola buresi Kratochvil 195! of the family Phalangodidae

Simon 1879 (Schwendinger 2007; Ubick 2007; Mendes 2011).

This morphological condition was considered plesiomorphic

in the order, but this hypothesis is inconsistent with recent

outgroup comparison and with the retention of primitive

dorsal longitudinal muscles in higher Opiliones (Shultz &
Pinto-da-Rocha 2007); and the scutum completum appears to

have evolved convergently in several Opiliones lineages

(Sharma & Giribet 2009). Moreover, reciprocally in Cy-

phophthalmi, Sandokanidae and Philora, this character is

matched by low tarsal counts and could reflect adaptations to

similar ecological niches, but this hypothesis has not been

tested (Sharma & Giribet 2009, 2011). The recent hypothesis

of phylogenetic relationships, using molecular data, of the

families with all or one member with scutum completum is; the

family Sandokanidae is considered the sister group of the non-

phalangodid Grassatores Kury 2002, whereas the family

Stygnopsidae is considered the sister group of the superfamily

Gonyleptoidea; and finally, the family Gonyleptidae is within

the Gonyleptoidea (Giribet et al. 2010; Sharma & Giribet

2011 ).

The phylogenetic and taxonomic status of Gonyleptidae

and Sandokanidae has been well studied, wherein the external

morphology and the male genitalia of the majority of the

genera and species of the family are well known (e.g.,

Schwendinger & Martens 2002; Schwendinger 2006, 2007;

DaSilva & Gnaspini 2009; Yamaguti & Pinto-da-Rocha 2009;

DaSilva & Pinto-da-Rocha 2010; Mendes 2011). In contrast,

within the family Stygnopsidae, external morphology and

male genitalia are well known for the genera Chinquipellobumis

Goodnight & Goodnight 1944 (Cokendolpher 2004) and five

of six species of Paraniitraeeras (Cruz-Lopez & Francke 2012,

2013). There are published drawings of the male genitalia of

the Hoplobunus boneti (Goodnight & Goodnight 1942), H.

queretarius Silhavy 1974, Karos riigosus Goodnight & Good-

night 1971, Mexotroglinus sbordonii Silhavy 1977, Sbordonia

annigera, both known species of the genus Stygnopsis

Sorensen 1902, both known species of the genus Troglostyg-

nopsis Silhavy 1974, and SEM photos of Karos sp. and

Stygnopsis valida (^0rQn^,cn 1884) (Silhavy 1974, 1977; Mendes

& Kury 2007). Mendes & Kury (2007) described the male

genitalia of the family Stygnopsidae, but in the majority of

species the male genitalia are unknown.
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Figures 37-40.

—

Pliilora species, male and female ventral views. 37. Pliilora liixtlae Goodnight & Goodnight 1954, male; 38. P. tii.xllae female;

39. Pliilora quetzahin new species, male; 40. P. qiietzalzin female. Arrows indicate the four ventral light-colored pointed areas on the males of

Pliilora species.

We have observed the male genitalia of some stygnopsids

using a scanning electronic microscope and have noted that

the male genitalia of the type species of Troglixslygnopsis,

along with the known male genitalia of the genera Para-

mitraceras, Philora, and presumably the genus Shordonia

(based on the drawing by Silhavy 1977), share a similar and
unique genital pattern, herein called the Paramitraceras-

pattern. This pattern is recognizable by having 1 ) setae of

pars distalis generally forming two rows or groups, one

dorsolaterally or mesal, and the other, laterobasal and

ventrally; 2) numerous pairs of setae in these two rows, from

three to fourteen pairs; 3) pars distalis very wide, follis narrow

compared with it; 4) presence of a bilobular dorsal projection of

the follis; and 5) presence of a unique pair of micro-ventral setae

in the meso or meso-distal region of ventral plate (Figs. 47-52).

Regarding the other described species of Troglostygnopsis, T.

iiiop.s (Goodnight & Goodnight 1971 ), we have observed that it

does not share this male genitalic pattern, and possibly this

species should be transferred out of the genus. A phylogenetic

analysis of these and other stygnopsid genera would clarify
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Figures 4\ Ab. - Philora species, details of lateral pores, setiferous tubercle of pedipalp and dorsal distal tubercles of femur IV; 41. Philora

tuxtiac Goodnight & Goodnight 1954. male, antero-lateral pores (arrows, see also arrow in Figure 2); 42. P. tuxtlcie male, detail of a pore; 43. P.

tuxtiac male, setiferous tubercle of pedipalpal tibia (see arrow in Figure 8); 44. P. tuxtiac male, detail of dorsal distal spiniform setiferous tubercle

on metatarsus IV (see arrow in Figure 7); 45. Philora quetzalziii new species, details of latero-posterior pores (arrow in Figure 18); 46. P.

qiictzalziii. detail of dorso meso-distal spiniform setiferous tubercle on metatarsus IV (see arrow in Figure 23).

whether this pattern is due to common ancestry or due to

homoplasy. Those three genera can be differentiated by

combinations of external and genital characters (Table 1).

The "lateral projections” (Silhavy 1974. 1977) are present in

both species of the genus Philora: these structures and the

light-colored lateral areas on the sides of the scutum were

observed under SEM. and there are numerous micropores in

those areas (Figs. ,33-36, 41, 42, 45). Silhavy (1974) proposed

that these lateral projections, present in the stygnopsid genera

Karos, Parataitraccras, Shordotiia and Troglostygttopsis could

be glandular openings similar to those reported on other

Laniatores (Eisner et al. 2004; Machado et al. 2005; Willcmart

et al. 2010). A detailed examination using SEM of these light-

colored areas on those other genera will contribute to a better

knowledge about glandular openings in the family Stygnopsidae.
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Figures 47-52.—Male genitalia of the genera having the Paramitraceras-pattern. 47 & 50. ParaDiitraccras gniiiulaiiini Pickard-Cambridge

1905; 47. Dorsal view; 50. Ventral view. 48 & 51. Philora tuxthw Goodnight & Goodnight 1954; 48. Dorsal view; 51. Ventral view. 49 & 52.

Troglostygfiopsis cmophthahmi Silhavy 1974; 49. Dorsal view; 52. Ventral view. Abbreviations: BDP = bilobular dorsal projection, F = follis, MS
= macrosetae, VMS = ventral microsetae.
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Table 1.—Differences in morphological characters between the stygnopsid genera Paramitraceras Pickard-Cambridge 1905, Philora

Goodnight & Goodnight 1954, Sbordonia Silhavy 1977, and Troglostygnopsis anophthaima Silhavy 1974.
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microsetae respect to

At the same level or
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Basal to them unknown Basal to them

apical pair of dorsal

lateral setae row

Apical pair of the dorsal lateral

setae row

Contiguous with the rest Separated from the rest,

close to ventral

microsetae

unknown Separated from the rest,

close to ventral microsetae
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Notes on some species of the genus Melanopa (Opiliones: Sclerosomatidae: GagrelHnae) from China, with

description of a new species

Chao Zhang and Feng Zhang': College of Life Sciences, Hebei University, Baoding, Hebei, 071002 China

Abstract. Melanopa zlini, a new species from Hunan Province, China, is described. M. grandis Roewer 1910 and M. mmgi
Zhu & Song 1999 are redescribed. The morphological characters and male genitalia of the three species are illustrated.

Keywords: Harvestmen, taxonomy, morphology, Palearctic region, Indo-Malaya region

Opilionids of the family Sclerosomatidae Simon 1879 are

currently divided into subfamilies: Sclerosomatinae Simon

1879, Gagrellinae Thorell 1889, Leiobuninae Bank 1893 and

Gyinae Silhavy 1946, albeit unclearly delimited (Cokendolpher

et al. 2007; Hedin et al. 2012). The genus MelaiwpaThorcW 1889

belongs to the subfamily Gagrellinae, and currently comprises

32 described species, which are mainly distributed throughout

South Asia, Southeast Asia and East Asia (Roewer 1955;

Suzuki 1982; Zhu & Song 1999; Kury 2012).

The genus Melanopa was erected by Thorell in 1889, based on

the type species M. pleheja Thorell 1889 from Burma. With

( 1903) later synonymized this genus with Gagrella Stoliczka 1869,

a decision that was rejected by Roewer in 1910 (Crawford 1992)

due to the length of femora I and III being shorter than that of

the body instead of longer than the body in Gagrella. Roewer

(1955) reviewed Melanopa, and 33 species were recognized. He
newly diagnosed the genus and provided three distinctive

characters; e.g., a pseudoarticular nodule on femur II, a median

spine on scute II, and the femora I and III shorter than the body.

Both M. japonica Roewer 1910 and M. hiseriala Sato &
Suzuki 1938 were synonymized with Psathyropus tenuipes L.

Koch 1878 by Suzuki (1973). Melanopa puinilio Karsch 1881

was transferred to Parainnhogrella Suzuki 1963 by Suzuki

(1985). Suzuki (1982) and Zhu & Song ( 1999) each described a

new species, M. siiinatrana Suzuki 1982 and M. wangi Zhu &
Song 1999. To date, no further detailed and thorough

worldwide revisions were done except for aforementioned

description and identification of species.

Previously, four Melanopa species have been recorded from

China: M. grandis Roewer 1910, M. sinnlaris Roewer 1955, M.

yiiennanensis Roewer 1910 and M. wangi Zhu & Song 1999. In

this paper, M. wangi and M. grandis are redescribed and

illustrated, based on the type specimens of M. wangi and new

material of A7. grandis collected from northeastern China. In

addition, a new species is also recognized from Hunan Province,

China, and is described under the name M. zlnii new species.

METHODS
The specimens were preserved in 75% ethanol and were

examined and drawn using a Leica Ml 65c stereomicroscope

equipped with a drawing tube. We studied further details using

a compound Nikon YSlOO microscope. The morphological

terminology follows Hillyard & Sankey (1989). The terminol-

ogy of genitalic structures follows Macias-Ordoiiez et al.

(2010) and Martens (1986). BLI follows Star^ga (1972), which

'Corresponding author. E-mail: dudu060420()l@l63.com

is abbreviated from “Beinlangenlindex” (index of leg length)

and indicates the relation of the femur I length to the carapace

width. Carapace width was measured between the incisions of

coxae II and III, length from the anterior of carapace to the

rear margin of the carapace medially. Opisthosoma width was

measured at the widest point, length from anterior margin to

the end medially. The cross-sectional shape of the shaft and

glans refer to Martens (1978).

Specimens that we examined for this paper are deposited in

the Museum of Hebei University, Baoding, China (MHBU).
The following descriptions are based mostly on males; female

characters, where notably different, are indicated. All mea-

surements are given in mm. Abbreviations used in figures are

as follows: Me = membrane; MS = microsetae; Mu =

musculature; SD = sperm duct and Te = tendon.

TAXONOMY

Family Sclerosomatidae Simon 1879

Subfamily Gagrellinae Thorell 1889

Genus Melanopa Thorell 1889

Melanopa Thorell 1889:659; Roewer 1910:20; Roewer

1923:931; Roewer 1955:97; Crawford 1992:29.

Type species.—Melanopa pleheja Thorell 1889, by original

designation.

Emended diagnosis (Palearctic species of Melanopa only).

—

Scute II with a median spine (scutes I and II each with a

median spine in M. ovate: Sato & Suzuki 1938); only femur II

with pseudoarticular nodule; male pedipalpal tibia with

conspicuous ventral denticles. Penis lanceolate, shaft without

sacs, the base of shaft with two large pieces of membrane;

glans with an angle to the shaft in most species; glans without

sensory seta; stylus short.

Composition.—33 species: M. asperida Roewer 1955, M.

atrata (Stoliczka 1868), M. cinctipes Banks 1930, M. diluta

Roewer 1929, M. fragilis (With 1903), M. grandis Roewer

1910, M. guttata Karsch 1881, M. lumsenii (With 1903), M.

hirta (With 1903), M. inipressata Roewer 1955, M. laciniipes

Roewer 1955, M. macidipes Banks 1930, M. matherania

Roewer 1915, M. nigra Roewer 1955, M. nigripes Banks

1930, M. ovata Sato & Suzuki 1938, M. peguana Roewer 1955,

M. pleheja Thorell 1889 (type species), M. riigosa Roewer

1955, M. satoi Roewer 1955, M. scahra Roewer 1912, M.

sinnlaris Roewer 1955, M. siiinatrana Suzuki 1982,

M. tliienenianni Roewer 1931, M. transversaUs Roewer 1912,

M. tristis Thorell 1889, M. trochanteralis Roewer 1955, M.
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unicolor Roewer 1912, M. varians (With 1903), M. vittata

Roewer 1910, M. wangi Zhu & Song 1999, M. yueiuumensLs

Roewer 1910 and M. zhid new species.

Distribution.—China, Japan, Korea, Far East Russia, India,

Sri Lanka, Sikkim, Nepal, Malaysia, Indonesia, Myanmar,

and Vietnam.

Comments.—Male genitalia are not described for most

known species of this genus, except M. grandis Roewer 1910,

M. saloi Roewer 1955, M. imicolor Roewer 1912 and M. wangi

Zhu & Song 1999. The male genitalia of these three species (M.

grandis, M. satoi, M. wangi) have no alate part (sac), and these

Palearctic species are distributed mainly in eastern Asia. In

contrast, the male genitalia of M imicolor have an alate part,

and this species is found in southern Asia (see Diagnosis and

Discussion).

Moreover, M. guttata Karsch 1881 and M. ovata Sato &
Suzuki 1938 occur only in Japan. Although the males are

unknown for either species, considering their distribution we
tentatively place them amongst the Palearctic species. Meki-

nopa zhiii new species can no doubt also be referred to the

Palearctic species-group based on its male genitalic morphol-

ogy and distribution.

KEY TO PALEARCTIC SPECIES OF MELANOPA

!. Male (males of M. guttata and M. ovata are unknown) 2

Female (female data of M. satoi not available) 5

2. Pedipalpal tibia ventrally with 3 enlarged denticles (Fig. 54; Roewer 1955: fig. 155; Suzuki 1986: fig. 42C) 3

Pedipalpal tibia ventrally with 7 or more enlarged denticles (Figs. 9, 10, 31-32) 4

3. Proximal segment of chelicera with 3 dorsal teeth; shaft of penis with parallel sides (Figs. 51, 56) . . . Mekmopu zhui new species

Proximal segment of chelicera without dorsal teeth; shaft of penis with concave sides (Suzuki 1986: fig. 42B) . . . . Melanopa satoi

4. Shaft of penis with parallel sides, glans with tapered end (Figs. 15, 18, 19, 22) Melanopa grandis

Shaft of penis with concave sides, glans with truncated end (Figs. 33, 35, 36, 39) Melanopa wangi

5. Scutes I and II each with a median spine (Sato & Suzuki 1938: fig. 3) Melanopa ovata

Scute II with a median spine 6

6. Pedipalpal femur as long as that of patella+tibia or tarsus (Sato & Suzuki 1938: 376) Melanopa guttata

Pedipalpal femur shorter than that of patella+tibia or tarsus (Table 1, 2, 3) 7

7. Proximal segment of chelicera with a ventral spur which has distal end blunt, without seta (Fig. 42) Melanopa wangi

Proximal segment of chelicera with a ventral setiferoiis spur (Fig. 65) 8

8. Pedipalpal tibia with many denticles ventrally and dorsally (Figs. 67, 68) Melanopa zhui new species

Pedipalpal tibia only with several denticles ventrally (Figs. 12, 13) Melanopa grandis

Melanopa grandis Roewer 1910

Figs. 1-22

Melanopa grandis Roewer 1910:27; 1923:936-937; 1955:105;

Suzuki 1960:25, fig. 7; 1965:355, fig. 1; 1972:65, fig. 1-3;

1973:8; 1986:31-32, fig. 40-41; Stargga 1978:208; Suzuki &
Tsurusaki 1983:210; Tsurusaki 1982:12, fig. 5-7; 2006:153-

154, fig. 6E-F; Tsurusaki & Sasaji 1991:18, fig. 8B; Li &
Song 1993:241; Tchmeris 2000:41-45, fig. 42-53; Tsurusaki

et al. 2005:52-55, fig. 2-5.

Metagagrella ussuriensis Redikorzew 1936:47-48, fig. 22-23;

Roewer 1954:247; Stargga 1965:10-11; Gritsenko I979a:33;

1979b: 124-1 25, fig. \-A. First synonymized with M. grandis

by Tchmeris (2000).

Metagagrella damila Silhavy 1976:297, fig. 1-12. First synon-

ymized with M. grandis by Tsurusaki et al. (2005).

Gagrella crassitarsi Ha, Bae, Chun & Kim 2004:62, fig. 5-6.

First synonymized with M. grandis by Tsurusaki et al.

(2005).

Type specimens,

—

M. grandis: JAPAN: Holotype female,

Tokyo (Zoologisches Institut und Museum, Hamburg), not

examined.

Material examined.—CHINA: Jilin Province: 3 d, 4 ?,

Huadian City, Jiapigou Town, 580 m, 42°53'N, 127°34'E, 7

August 2011, C. Zhang (MHBU); 1 d, 2 9, Antu County,

Erdaobaihe Town, 865 m, 42°19'N, I28°07'E, 12 August 2011,

B.S. Zhang and H.M. Yu (MHBU); Liaoning Province: 3 <3, 6

?, Xinbin County, Nanzamu Town, 210 m, 41°56'N, 124°24'E,

22 August 2011, C. Zhang (MHBU).

Diagnosis.

—

Melanopa grandis can be recognized by the

following characters: 1 ) male pedipalpal tibia ventrally with 7-

8 enlarged denticles; 2) shaft of penis with nearly parallel sides,

fiattened dorsally and arched ventrally; 3) glans arched

dorsally and ventrally.

Redescriptioii.

—

Coloration: Dorsum with brown back-

ground. Preocular region of propeltidium with a large white

fieck, each side of ocular region with rusty brown flecks

covered with a few whitish dots, post-optic region with a

triangular dark brown fieck. Ocularium brown, with blackish

eye rings and a pale dorsal band. Meso- and metapeltidium

rusty brown. Metapeltidium with imperfect transverse rows of

white spots medially and darker patches laterally. Opisthoso-

mal scute with obscure dark brown saddle, darker anteriorly

and posteriorly, lighter between. Many white spots on the

saddle surface. Lateral saddle and free tergites brown to dark

brown and with numerous white spots.

Venter: Coxae 1-IV brown. Genital operculum rusty yellow.

Sternites rusty yellow to dark brown at middle, with light

brown patches laterally. Chelicerae yellow. Pedipalpus yel-

lowish brown, femur and patella blackish brown, tarsus

yellow. Legs yellowish brown to dark brown, patella blackish

brown and apical tibiae pale yellow.

Dorsum (Fig. 1).- Entire body leathery, dorsum covered with

rather fine granules. Carapace without any denticles. Supra-

cheliceral laminae with four tubercles on each lamina (Fig. 2).

Ozopores small and visible from above. Ocularium average-

sized (about 1/6 of width and 2/7 of length of carapace) with a
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Figures 1-14 .—Melaiiojui graiu/is Roewer 1910, from Jiapigou Town (42°53'N, 127°34'E): 1-10: male; 11-14: female. 1. Dorsal aspect of

body; 2. Dorsal aspect of supraclieliceral laminae; 3. Lateral aspect of ocularium; 4. Ventral aspect of genital operculum; 5. Medial aspect of left

chelicera; 6. Fetal aspect of left clielicera; 7. Fetal aspect of left ventral setiferous spur; 8. Frontal aspect of left fingers; 9. Medial aspect of left

pedipalpus; 10. Fetal aspect of left pedipalpus; 1 1. Medial aspect of left pedipalpus; 12. Fetal aspect of left pedipalpus; 13. Frontal aspect of left

fingers; 14. Seminal receptacle. Scale = 2 mm ( 1 ); 1 mm (4 6, 9-10, 12-13); 0.2 mm (2, 3, 8, 11); 0.1 mm (7); 0.05 mm (14).

medial groove and rows of tubercles on the carinae and two

tubercles beneath each eye (Fig. 3). Scute II with a strong

spine, remaining opisthosomal tergites smooth.

Venter: Surface of all coxae roughly granular, all coxae

anteriorly and coxae 1 and IV posteriorly with a row of

subquadratic marginal tubercles, lateral row of similar

tubercles on each side of genital operculum. Genital opercu-

lum (Fig. 4) almost trapezioid, surface with sparse setae.

Opisthosomal sternites smooth, with sparse setae.

Chelicera (Figs. 5-8).- Proximal segment with a ventral

setiferous spur (Fig. 7), with only a few dorsal setae and two

ventral setae, also and a row of medial setae. Second segment

with setae on the frontal surface, and numerous short medial

setae. Inner edges of fingers toothed as illustrated (Fig. 8);

teeth on the fingers serrated, the basal tooth is the largest.

Pedipalpus (Figs. 9, 10).- Trochanter with two conspicuous

distomesal and ventral denticles. Femur ventrally with numerous

dense denticles, on the medial basal side with one denticle, on the

same distal margin having a few denticles. Patella with two

medial and one ectal denticles, distal margin with a few denticles.

Tibia swollen at base, ventrally with a row of eight enlarged

denticles. Tarsus ventrally with two longitudinal rows of micro-

denticles, medial dentition longer than ectal one. Remainder of

each pedipalpal segment only with hair. Claw with teeth.

Legs: All trochanters prolaterally and retrolaterally with

many denticles. Femur, patella and tibia with rows of teeth,

the rest of each segment only with rows of setae. Nodule

formula 0/ 1/0/0.

Penis (Figs. 15-22).' Shaft with nearly parallel sides,

abruptly widened basally, gradually narrower in joint zone
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Figures 15-22 .—Melanopa grandis Roewer 1910, male from

Jiapigou Town (42°53'N, 127°34'E). 15. Ventral aspect of penis; 16.

Ventral aspect of shaft (part); 17. Lateral aspect of penis; 18. Dorsal

aspect of penis; 19. Ventral aspect of glans; 20. Ventral aspect of

stylus; 21. Lateral aspect of glans; 22. Dorsal aspect of glans. Scale =

1 mm (15, 17-18); 0.5 mm (19, 21-22); 0.2 mm (16); 0.05 mm (20).

and extending to a finger-shaped glans. Shaft flattened

dorsally and arched ventraliy, medial shaft dorsally bulgy

and ventral surface with sparse microsetae along both sides of

the shaft. In contrast, joint zone flattened ventraliy and dorsal

surface tapered into the glans, both sides of joint zone with

more microsetae than ventral surface. Sperm duct conspicu-

ously visible in the joint zone. Musculature limited to basal

shaft and membranes. Glans slightly bent, holding at about
160° with shaft. Glans widest at base, gradually narrower

toward blunt end. Dorsal surface arched strongly and ventral

slightly, both central surface with many microsetae. Stylus

short, cylindrical, inserted ventraliy near apex of glans and

with a bevel apex.

Female (Figs. 1 1-14).- Similar to male but much larger, and

abdomen wide. Cheliceral fingers longer than the male, inner

edges toothed as illustrated (Fig. 11). Pedipalpa! tibia normal,

ventraliy with reduced denticles at base, tarsus without any

denticles and micro-denticles (Figs. 12, 13).

Seminal receptacle (Fig. 14).- Between segments two and

three, consisting of a small anterior and a large posterior

ampulla.

Measurements: Male (female): body 7.10 (7.90) long.

Carapace 1.90 (2.15) long, 3.00 (2.80) v^ide. Opisthosoma

5.20 (5.75) long, 3.15 (3.90) wide. BLI 2.08 (2.05). Eye tubercle

0.42 (0.40) long, 0.56 (0.53) wide, 0.40 (0.40) high. Penis shaft

4.45 long, 0.75 wide at base, glans 0.41 long, stylus 0.06 long.

Measurements of left pedipalpus and right legs as in Table 1.

Variation.—Size range of male (female). Body length 7.00-

7.50 (7.90-9.00). Carapace length 1.85-2.13 (2,15-2.25), width

3.15-3.63 (2.80-3.55); opisthosoma length 5.25-5.38 (5.75-

6.63), width 3.00-3.33 (3.90-4.38).

Habitat.—The specimens were collected with an entomo-

logical net or picked from low foliage and tree trunks in the

forest.

Distribution.—China, Russia, Japan and Korea.

Melanopa wangi Zhu & Song 1999

(Figs. 23-M6)

Melanopa wangi Zhu & Song 1999:160, 162, fig. 2.

Type material.—CHINA: Hunan Province: Holotype male,

Zhangjiajie National Forest Park (29°08'N, 111°25'E),

Zhanaiajie City, 20 August 1990, M.S. Zhu (MHBU),
examined. Paratypes: 1 d, 1 ?, collected with holotype

(MHBU), examined.

Diagnosis.—This species is recognized by the following

characters: 1) male pedipalpal tibia ventraliy with many
denticles; 2) shaft of penis with concave sides, flattened

ventraliy, and arched dorsally; and 3) glans with truncated

end, flattened ventraliy and arched dorsally.

Eedescription.

—

Coloration: dorsum with rusty brown back-

ground. Propeltidium with many dark brown markings

around ocular region. Ocularium rusty brown, with blackish

eye rings and a pale dorsal band. Meso- and metapeltidium

each with a transverse row of blackish brov/n streak. Saddle

on opisthosomal scute imperfect, only median part of scutes I

and II blackish-brown. Remainder scutes and free tergites

with blackish brown dots and cross stripes.

Venter: Coxae I-IV, genital operculum and stemites rusty

brown, stemites with many black flecks. Proximal segment of

chelicerae rusty yellow, second segment rusty brown and with

some black flecks frontally. Pedipalpus yellowish brown, femur

and patella blackish brown, tibia and tarsus with many blackish

flecks. Legs rusty brown, trochanter, and femur blackish brown.

Dorsum (Fig. 23).- Entire body leathery, dorsum covered

with rather fine granules. Carapace without any denticles.

Supracheliceral laminae with many tubercles on each lamina

(Fig. 24). Ozopores small and visible from above. Ocularium

average-sized (about 1/6 of width and 1/4 length of carapace),

rounded dorsally, canaliculate, almost smooth, only with

sparse hairs (Fig. 25). Scute II with a strong spine, remaining

opisthosomal tergites smooth.
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Table 1.—Pedipalpus and legs measurements of the male (female) of Mekmopa grandis.

Trochanter Femur Patella Tibia Metatarsus Tarsus Total

Pedipalpus 0.50(0.40) 1.15(1.00) 0.84(0.70) 0.95(0.73) 1.35(1.46) 4.79(4.29)

Leg I 0.60(0.65) 6.25(5.75) 1.50(1.50) 5.90(5.00) 7.50(6.75) 11.25(9.50) 33.00(29.15)

Leg II 0.60(0.65) 11.50(10.75) 1.50(1.50) 11.25(10.50) 11.90(10.75) 21.00(21.50) 57.75(55.65)

Leg III 0.60(0.65) 6.25(5.75) 1.50(1.50) 5.50(4.75) 8.00(7.25) 11.00(9.25) 32.85(29.15)

Leg IV 0.60(0.65) 9.25(6.40) 1.50(1.50) 7.65(5.25) 11.50(8.10) 14.90(9.10) 45.40(31.00)

Venter: Surface of all coxae roughly granular, all coxae

anteriorly and coxae I and IV posteriorly with a row of

subquadratic marginal tubercles, a lateral row of similar

tubercles on each side of genital operculum. Genital opercu-

lum (Fig. 26) surface with many granules, anterior margin

with a wide median cleft, lateral margin somewhat concave,

almost twice as long as posterior margin. Opisthosomal

sternites smooth, with sparse setae.

Chelicera (Figs. 21-29): Proximal segment with a ventral

spur (Fig. 29), distal end blunt, without seta, with only a few

dorsal and ventral setae, and a row of medial setae. Second

segment with setae on the frontal surface and numerous short

medial setae. Inner edges of fingers toothed as illustrated

(Fig. 30): discontinuous teeth on the fingers serrated, fixed

finger more conspicuous than moveable finger, the basal tooth

largest.

Pedipalpus (Figs. 31, 32).- Trochanter with four conspicuous

distomesal and a few ventral denticles, femur strongly swollen

in medial part, with numerous dense denticles except disto-

dorsal side, with four conspicuous denticles on medial basal

Figures 23-32 .—Melanopa wcmgi Zhu & Song 1999, male (holotype) from Zhangjiajie City (29°08'N, 111°25'E). 23. Dorsal aspect of body;

24. Dorsal aspect of supracheliceral laminae; 25. Lateral aspect of ocularium; 26. Ventral aspect of genital operculum; 27. Medial aspect of left

chelicera; 28. Fetal aspect of left chelicera; 29. Fetal aspect of right ventral spur; 30. Frontal aspect of left fingers; 31. Fetal aspect of left

pedipalpus; 32. Medial aspect of left pedipalpus. Scale = 5 mm (23); 1 mm (24-28, 31-32); 0.2 mm (29-30).
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Figures 33-39 .—Mekmopa wcmgi Zhu & Song 1999, male (holo-

type) from Zhangjiajie City (29°08'N, 1 1 1°25'E). 33. Ventral aspect of

penis; 34. Lateral aspect of penis; 35. Dorsal aspect of penis; 36.

Ventral aspect of glans; 37. Ventral aspect of stylus; 38. Lateral aspect

ofglans; 39. Dorsal aspect of glans. Scale = 5 mm (33-35); 1 mm (36,

38-39); 0.05 mm (37).

side. Patella with a few medial denticles. Tibia swollen at base,

ventrally with many conspicuous denticles. Tarsus somewhat
swollen ventrally in middle part, ventrally with a longitudinal

row of micro-denticles as well as many scattered similar

denticles. Remainder of each pedipalpal segment only with

hair. Claw with teeth.

Legs: Ail trochanters prolaterally and retrolaterally with

many denticles. Femur, patella and tibia with rows of teeth,

rest of each segment only with rows of setae. Nodule formula

0/4/0/0.

Penis (Figs. 33-39).' Sides of shaft concave, widened distally

and proximally. Shaft flattened ventrally and arched dorsally.

Both sides ofjoint zone and basal glans with many microsetae.

Sperm duct conspicuously visible in the joint zone. Musculature

limited to basal shaft and membranes. Glans slightly bent,

holding at about 160° with shaft, reflexed distally. Glans widest

at base, gradually narrower toward truncated end, dorsal

surface arched and ventral flattened. Stylus short, conical from

ventral view, inserted ventrally near apex of glans.

Female (Figs. 40-46).' Similar to male but body slightly

shorter and wider. Anterior margin of genital operculum

(Fig. 41) with a wide median cleft. Inner edges of cheliceral

fingers toothed as illustrated (Fig. 43), both fixed finger and

moveable finger with continuous teeth. Pedipalpus normal,

tarsus without any denticles (Figs. 44, 45).

Seminal receptacle (Fig. 46).' Between segments two and

three, consisting of a small and a large ampullae.

Measurements: Male (female): body 11.75 (7.90) long.

Carapace 3.00 (2.90) long, 4.75 (4.55) wide. Opisthosoma

8.75 (5.90) long, 3.90 (5.25) wide. BLI 2.11 (2.03). Eye tubercle

0.70 (0.60) long, 0.78 (0.70) wide, 0.55 (0.50) high. Penis 7.50

long: shaft 5.25 long, 1.16 wide at base; glans 2.25 long, 0.65

wide at base; stylus 0.09 long. Measurements of left pedipalpus

and right legs as in Table 2.

Habitat.—Unknown.
Distribution.—China.

Melanopa zhui new species

(Figs. 47-69)

Type material.—CHINA: Hunan Province, Holotype male,

Zhangjiajie City, Zhangjiajie National Forest Park, 29°08'N,

1 1 1°25'E, 20 August 1990, M.S. Zhu (MHBU). Paratype: 1 ?,

collected with holotype (MHBU).
Etymology.—The specific name is a patronym in honor of

the late Professor Mingsheng Zhu (1950-2010), a well known
arachnologist in China.

Diagnosis.—Recognized by the following characters: 1)

male pedipalpal tibia distally with three ventral denticles; 2)

Shaft flattened ventrally, both sides of dorsal surface bulgy in

form of the shallow U-shaped cross section and 3) glans not

bent, base dorsally with median pit.

Description.

—

Coloration: dorsum with rusty yellow back-

ground. Propeltidium with many brown markings around

ocular region. Ocularium yellow, with blackish eye rings and a

pale dorsal band. Meso- and metapeltidium rusty brown with

two lateral yellow flecks. Saddle on opisthosomal scute

inconspicuous, only median part of scutes I-II and V blackish

Table 2.—Pedipalpus and legs measurements of the male (female) of Melanopa wangi.

Trochanter Femur Patella Tibia Metatarsus Tarsus Total

Pedipalpus 0.85(0.55) 2.20(1.60) 1.50(1.08) 1.65(1.36) 2.10(2.60) 8.30(7.19)

Leg I 1.25(1.00) 10.00(9.25) 2.50(2.25) 9.00(8.00) 12.75(1 1.50) 14.00(14.50) 49.50(46.50)

Leg II 1.25(1.00) 21.00(17.25) 2.50(2.25) 21.00(17.50) 21.75(19.50) 42.50(40.00) 110.00(97.50)

Leg III 1.25(1.00) 9.25(8.50) 2.50(2.25) 9.25(7.25) 12.75(10.75) 15.50(14.00) 50.50(43.75)

Leg IV 1.25(1.00) 13.75(12.25) 2.50(2.25) 12.00(10.25) 19.75(16.25) 20.25(19.75) 69.50(62.00)
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Figures 40-46 .—Mekmopa wangi Zhu & Song 1999, female (paratype) from Zhangjiajie City (29°08'N, 1 1 1°25'E). 40. Dorsal aspect of body;

41. Ventral aspect of genital operculum; 42. Medial aspect of left cheiicera; 43. Frontal aspect of left fingers; 44. Ectal aspect of left pedipalpus;

45. Medial aspect of left pedipalpus; 46. Seminal receptacle. Scale = 5 mm (40); 1 mm (41-42, 44-45); 0.2 mm (43); 0.05 mm (46).

brown. Remainder scutes and free tergites with dark brown
dots and cross stripes.

Venter: Coxae I-IV and genital operculum dark rusty

brown, sternites rusty yellow and with many dark brown
flecks in median section. Chelicerae yellow, proximal segment

with dark brown patches dorsally and ventrally, second

segment with the same color stripes medially and ectally.

Pedipalpus: trochanter, femur, patella and basal tibia brown,

remaining part of tibia and tarsus yellow. Legs rusty brown,

trochanter yellow dorsally and dark brown ventrally, meta-

tarsus and tarsus somewhat lighter.

Dorsum (Fig. 47).- Entire body leathery, dorsum covered

with rather fine granules. Carapace without any denticles.

Supracheliceral laminae with a few tubercles on each lamina

(Fig. 48). Ozopores small and visible from above. Ocularium

average-sized (about 1/6 of width and 1/3 of length of
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Figures 47-55 .—Mekmopa zhui new species, male (holotype) from Zhangjiajie City (29°08'N, 1 1 r25'E). 47. Dorsal aspect ofbody; 48. Dorsal

aspect of supracheliceral laminae; 49. Lateral aspect of ocularium; 50. Ventral aspect of genital operculum; 51. Medial aspect of left chelicera; 52.

Ectal aspect of left chelicera; 53. Frontal aspect of left fingers; 54. Ectal aspect of left pedipalpus; 55. Medial aspect of left pedipalpus. Scale =
5 mm (47); 1 mm (50-52, 54-55); 0.2 mm (48-49, 53).
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Figures 56-62 .—Melanopa zhui new species, male (holotype) from

Zhangjiajie City (29°08'N, 1 1I°25'E). 56. Ventral aspect of penis; 57.

Lateral aspect of penis; 58. Lateral aspect of distal glans; 59. Dorsal

aspect of penis; 60. Ventral aspect of glans; 61. Lateral aspect of

glans; 62. Dorsal aspect of glans. Scale = 1 mm (56-57, 59); 0.5 mm
(60-62); 0. 1 mm (58).

Inner edges of fingers toothed as illustrated (Fig. 53): discon-

tinuous teeth on the fingers serrated, the basal tooth largest.

Pedipalpus (Figs. 54, 55).- Trochanter with two conspicuous

distomesal and many ventral denticles. Femur ventrally with

numerous dense denticles. Patella with many denticles except

for ventral side. Tibia slightly swollen at base, dorsally with two

basal denticles, distally with three ventral denticles. Tarsus

ventrally with a longitudinal row of micro-denticles just lateral

of these denticles, with another row of four micro-denticles

basally. Remainder of each pedipalpal segment only with hair.

Claw with teeth.

Legs: All trochanters prolaterally and retrolaterally with

many denticles. Femur, patella, and tibia with rows of teeth,

the rest of each segment only with rows of setae. Nodule

formula 0/2/0/0.

Penis (Figs. 56-62).- Shaft short, with nearly parallel sides,

basal part abruptly widened. Shaft flattened ventrally, both

sides of dorsal surface bulgy in form of the shallow U-shaped

cross section. Joint zone flattened dorsally and ventrally,

ventral surface medially bulgy. Sperm duct conspicuously

visible in the joint zone. Musculature limited to basal shaft

and membranes. Glans not bent, base dorsally with median

pit. Dorsal surface of glans widest at base, ventral base as long

as the end of glans, flattened dorsally and ventrally. End of

glans with a dorsal projection, some rather beak-like from

lateral view. Stylus short, cylindrical, inserted ventrally near

apex of glans and with a bent base from lateral view.

Female (Figs. 63-69).- Similar to male and about the same

size. Anterior margin of genital operculum (Fig. 64) with a wide

median cleft. Inner edges of cheliceral fingers toothed as

illustrated (Fig. 66), both fixed finger and moveable finger with

continuous teeth. Pedipalpus normal, tibia with many denticles

dorsally and ventrally, tarsus without any denticles (Figs. 67, 68).

Seminal receptacle (Fig. 69).- Between segments two and

three, consisting of a small anterior and a large posterior

ampullae.

Measurements: Male (female): body 7.13 (7.50) long.

Carapace 1.88 (2.00) long, 3.70 (3.63) wide. Opisthosoma

5.25 (5.50) long, 3.58 (4.25) wide. BLI 2.23 (2.18). Eye tubercle

0.48 (0.50) long, 0.68 (0.65) wide, 0.55 (0.50) high. Penis 4.18

long, shaft 3.00 long, 0.93 wide at base; glans 1.18 long; stylus

0.09 long. Measurements of left pedipalpus and right legs as in

Table 3.

Habitat.—Unknown.
Distribution.—China.

carapace), rounded dorsally, canaliculate, with a few tubercles

on the carinae (Fig. 49). Scute II with a strong spine,

remaining opisthosomal tergites smooth.

Venter: Surface of all coxae roughly granular, all coxae

anteriorly and coxae I and IV posteriorly with a row of

subquadratic marginal tubercles, a lateral row of similar

tubercles on each side of genital operculum. Genital opercu-

lum (Fig. 50) surface with sparse granules, anterior margin

convex, lateral margin slightly concave, almost with the same

length as posterior margin. Opisthosomal sternites smooth,

with sparse setae.

Chelicera (Figs. 51-53).- Proximal segment with a ventral

setiferous spur and three dorsal teeth. Second segment with

setae on the frontal surface, and numerous short medial setae.

DISCUSSION

Roewer’s typological classification of Gagrellinae has been

rather chaotic (Crawford 1992; Tourinho & Kury 2001;

Klimes 2006; Cokendolpher et al. 2007; Taylor 2009; Hedin

et al. 2012) and almost the whole classification system of

Roewer is artificial (Tourinho 2007; Giribet et al. 2012; Hedin

et al. 2012). Roewer (1910, 1923, 1955) defined Melanopa by

external characters such as only femur II with one pseudoar-

ticular nodule, scute II with one median spine or scutes I-II

each with one median spine, ocularium with or without

tubercles, and femora I and III shorter than the body.

However, he ignored the male genitalia (penis), which can be

very important for harvestman classification, and his system is
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Figures 63-69 .—Melanopa zhui new species, female (paratype) from Zhangjiajie City (29°08'N, 111°25'E). 63. Dorsal aspect of body; 64.

Ventral aspect of genital operculum; 65. Ectal aspect of right chelicera; 66. Frontal aspect of right fingers; 67. Fetal aspect of right pedipalpus; 68.

Medial aspect of right pedipalpus; 69. Seminal receptacle. Scale = 5 mm (63); 1 mm (64—65, 67-68); 0.2 mm (66); 0.05 mm (69).

unlikely to be phylogenetically accurate (Tourinho & Kury

2001; Hedin et al. 2012).

The external characters mentioned above are often highly

variable. Foremost among the characters to delimit the genus

has been the number of pseudoarticular nodules in the femora

of the legs (Taylor 2009); however, the number of nodules is

inconsistent (Suzuki 1973; Martens 1987; Tourinho-Davis

2004; Klimes 2006), and is not suitable to define Melanopa.

Other variable characters used to define Melanopa are the

relative length of the legs with respect to the body, the

armature of the scutae or the ocularium. It is evident that

when the genus Melanopa is based on these characters it tends

to conceal natural phylogenetic patterns. Comparing the penis

of M. unicolor Roewer 1912 with that of M. grandis Roewer
1910 and M. satoi Roewer 1955 (the penis of M. unicolor with

alate part, while that of M. grandis and M. satoi without alate

part, cf. Suzuki 1966:115-116, fig. 1; 1986:31-33, fig. 40, 42)

demonstrates the disparity in this genus.

In addition, by not considering penis morphology, Roewer
also failed to take biogeography into account. Recent research

has shown that “geography is better than taxonomy in

predicting phylogeny” in sclerosomatid harvestmen based on
molecular data (Hedin et al. 2012). The limited dispersal

ability of Opiliones makes many harvestmen groups prime

candidates for biogeographic studies (e.g., Giribet & Kury
2007:77-78).

Although we have not examined most species of Melanopa,

including the type species, and we have not carried out a full

systematic revision combining external and genitalic charac-

ters, we are able to make some preliminary observations

regarding this genus. On the basis of biogeography, we
tentatively suggest dividing the genus into two groups: one

including five species occurring in the Palearctic region, the

other including 27 species recorded from the Indo-Malaya

region (Table 4).

The five previously described species in the Palearctic region

are M. grandis, M. guttata Karsch 1881, M. ovata Sato &
Suzuki 1938, M. satoi, and M. wangi Zhu & Song 1999.

Melanopa guttata, M. ovata, and M. satoi are distributed in

Japan, and M. wangi is so far known only from Hunan
Province, China. Melanopa grandis is widely distributed

throughout Japan, the Korean peninsula and northern China.

Additionally, two other species found in Yunnan Province,

southern China, M. yuennanensis Roewer 1910 and M.

similaris Roewer 1955, are included in the Indo-Malayan

group.

The five Palearctic species show great similarity to each

other in external morphology; e.g., scute II with a median
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Table 3.—Pedipalpus and legs measurements of the male (female) of Melanopa zliiii.

Trochanter Femur Patella Tibia Metatarsus Tarsus Total

Pedipalpus 0.45(0.50) 1.33(1.25) 0.90(0.75) 1.10(0.95) 1.80(2.00) 5.58(5.45)

Leg I 0.75(0.75) 8.25(7.90) 2.00(1.75) 6.40(6.00) 7.90(7.90) 11.50(12.50) 36.80(36.80)

Leg II 0.75(0.75) 15.25(14.00) 2.00(1.75) 14.50(13.25) 12.60(13.75) 28.00(25.50) 73.10(69.00)

Leg III 0.75(0.75) 8.10(7.75) 2.00(1.75) 6.25(5.75) 8.25(8.25) 6.75(11.25) 32.10(35.50)

Leg IV 0.75(0.75) 11.50(11.25) 2.00(1.75) 8.50(7.75) 12.50(12.50) 14.50(14.75} 49.75(48.75)

spine (scutes I and II each with a median spine in M. ovafa);

femur II with a single pseudoarticular nodule; and pedipalpal

tibia with conspicuous ventral denticles in the male. With the

exception of M. guttata and M. ovata (known only from

female specimens), the remaining three species (M graiidis, M.

satoi and M. waugi) possess similar penes; e.g., penis simple:

shaft without a dorsal sheath, ventral lamella, pocket, sacs or

ventro-basal opening, base of shaft with two large pieces of

membrane; joint zone of shaft and glans inconspicuous; glans

without sensory seta; and the stylus short.

Although M. zinii is placed with the Palearctic species, there

are still some differences between them. Melanopa zhui can be

distinguished from M. ovata by scute 1 without a median

spine, the pedipalpal patella and tibia with more denticles,

ocularium with more tubercles (Sato & Suzuki 1938:376-379,

fig. 4); the description of M. guttata provided by Roewer

(1923, 1955) was brief and the figure very schematic, and it

only can be distinguished from M. zhui by the color of body

(Roewer 1923:938; Roewer 1955:105, fig. 154).

Comparing Melanopa zhui with the other three species with

known males, the new species can be distinguished by having

three ventral denticles distally on the pedipalpal tibia of the

male, compared to a row of 7-8 ventral denticles in M
graiulLs, many ventral denticles in M. wangi and three almost

evenly distributed ventral denticles in M. satoi (Roewer

1955:105, fig. 155; Suzuki 1986:33, fig. 42C). The most

Table 4.—Geographical distribution of the species of Melanopa.

No. Species Distribution References

Palearctic region 1 M. granclis Roewer 1910 China, Japan, Korea and Far East Russia Tsurusaki et al. (2005)

2 M. guttata Karsch 1881 Japan Roewer (1955)

3 M. ovata Sato & Suzuki 1938 Japan (Nagano-ken) Sato & Suzuki (1938)

4 M. satoi Roewer 1955 Japan (bei Jokohama) Roewer (1955); Suzuki (1986)

5 M. wangi Zhu & Song 1999 China (Hunan Province) Zhu & Song (1999)

6 M. zhui new species China (Hunan Province) this paper

Indo-Malaya 1 M. matherania Roewer 1915 Dekan (Matheran) Roewer (1955)

region 2 M. rugosa Roewer 1955 Dekan (Ootokamund) Roewer (1955)

3 M. Irochanteralis Roewer 1955 Nilgiris Roewer (1955)

4 M. fragilis (With 1903) Sikkim, Darjiling, Burma, Pashok, Himalaya,

Kurseong, Pashok, Dawna Hills, Ghumti

Roewer (1955)

5 M. atrata (Stoliczka 1868) Bengalen, Himalaya, Calcutta, Bengalen Roewer (1955)

6 M. varians (With 1903) Bengalen, Burma Roewer (1955)

7 M. hansenii (With 1903) Vorderindien (Todaspoor) Roewer (1955)

8 M. hirta (With 1903) Punkabari, Darjiling Roewer (1955)

9 M. transver.salis Roewer 1912 Punkabari, Darjiling Roewer (1955)

10 M. pleheja Thorell 1889 Burma (Prome, Minkla) Roewer (1955)

11 M. tristis Thorell 1 889 Burma (Teinzo) Roewer (1955)

12 M. unicolor Roewer 1912 Orissa, Nepal, Dawna Hills Roewer (1955)

13 M. nigra Roewer 1955 Burma (Mt. Victoria) Roewer (1955)

14 M. laciniipes Roewer 1955 Burma (Kambaiti) Roewer (1955)

15 M. peguana Roewer 1955 Burma (Pegu) Roewer (1955)

16 M, diluta Roewer 1929 Shan States (Forest of Elephant Hill), Burma
(Kambaiti)

Roewer (1955)

17 M. hnpressata Roewer 1955 Shan States Roewer (1955)

18 M. a.sperula Roewer 1955 Shan States Roewer (1955)

19 M. vuemuinensis Roewer 1910 China (Yunnan Province) Roewer (1955)

20 M. similaris Roewer 1955 China (Yunnan Province) Roewer (1955)

21 M. scahra Roewer 1912 Tongking, Shan States, Indochina (Khusi Tao),

Burma (Pegu)

Roewer (1955)

22 M. vittata Roewer 1910 Sumatra (Padang Distr.) Roewer (1955)

23 M. thiencnumni Roewer 1931 Bali (Kintamani) Roewer (1955)

24 M. ciuctipes Banks 1930 Borneo (Mt. Murud) Roewer (1955)

25 M. nigripes Banks 1930 Borneo (Mt. Murud) Roewer (1955)

26 M. maculipes Banks 1930 Borneo (Mt. Murud) Roewer (1955)

27 M. sunuitrana Suzuki 1982 Sumatra Suzuki (1982)
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significant difference concerns the penis. In M. wungi and M.

satoi, the penile shafts have concave sides, while in M. waiigi

the end of the glans is truncated, and in M. satoi the end of

the glans is tapered (Suzuki 1986: 33, fig. 42B). In M. grandis

and M zhui, the shafts have parallel sides and are fiattened

ventrally, while in M. grandis the shaft arches dorsally, and in

M zhui the shaft is concave dorsally.

Molecular data indicate that Mekmopa grandis is closely

related phylogenetically to Psathyropiis L. Koch 1878,

Systenocentrus Simon 1886, Marthaua Thorell 1891, and

Gagrellula Roewer 1910 (Hedin et al. 2012), and these taxa

resemble each other in external morphology. However, they

are quite different in penile morphology: while Palearctic

Mekmopa lack an alate part (sac), other Palearctic gagrellines

(mostly Japanese gagrellines, e.g., Psathyropiis, Systenocen-

trus, and Gagrellula) have a conspicuous alate part (Martens

1987:91, Figs, la, b). These morphologies are known as

“lanceolate” and “sacculate” in Leiobuninae Bank 1893

(McGhee 1970, 1977). Some other species of sclerosomatids

have lanceolate penes; e.g., Leiobimum calcar (Wood 1868), L.

vittatum (Say 1821) (Leiobuninae) (Hedin et al. 2012), and

Homalenotus quadridentatus (Cuvier 1795) (Sclerosomatinae

Simon 1879) (Martens 1978:378-380, Figs. 729, 730). These

species do not seem to be closely related to the Palearctic

Mekmopa.
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Abstract. Spiniform macrosetae have been useful as a taxonomic trait in the genus Diplocentrus, such as the telotarsal

spiniform macrosetae formula widely used to separate species. Basitarsal spiniform macrosetae have been studied in the

family Scorpionidae but not in its sister family (Diplocentridae). In this study, we analyzed the variation in the position and

number of spiniform macrosetae on the basitarsus of one species of the genus Diplocentrus. We found minimal ontogenetic,

intersexual and geographical variation within the species. We also compare the pattern found in Diplocentrus telmacamis

Hoffmann 1931 to those of two morphologically similar species, and found that the basitarsal macrosetai pattern is also a

good, reliable taxonomic character at the interspecific level.

Keywords: Ontogenetic variation, intersexual variation, geographical variation, interspecific variation, diagnostic character

Spiniform setae on scorpion legs have been used as a reliable

source of taxonomic information, especially in the superfamily

Scorpionoidea Latreille 1802 (Francke 1978; Lamoral 1979;

Prendini 2000). For example, species of the family Diplocen-

tridae are partially characterized by the telotarsal spiniform

macrosetae formula. This formula (e.g., 4/4: 4/5: 5/5: 6/6)

represents the number of spiniform macrosetae present on

each face (prolateral/retrolateral) of the ventral aspect of the

telotarsus on the four pairs of legs (I: II: III: IV). Basitarsal

spiniform macrosetae have been considered only for the family

Scorpionidae (Prendini et al. 2003) and have been ignored in

the family Diplocentridae.

Recently, the basitarsal spiniform macrosetae pattern for legs

III-IV has been used to separate species groups in Diplocentrus

Peters 1861 (Santibanez-Lopez et al. 2013) and to diagnose D.

zacatecanus Hoffmann 1931 (Santibanez-Lopez & Francke

2013), but no other attempt has been made to analyze its utility

as a species-specific diagnostic character, nor as a phylogenet-

ically informative character. In a separate contribution, the

basitarsal macrosetai pattern for the genera within the family

Diplocentridae has been tested to determine its utility as a

generic diagnostic character (Santibanez-Lopez et al. in prep.).

To study the variation in the position and number of

spiniform macrosetae on the ventral face of the basitarsus

of the species in this family, we analyzed the degree or extent

of intraspecific variation first on one species: Diplocentrus

tehuacanus Hoffmann 1931, a species that is widely distributed

in central Mexico and is well represented in collections

(Fig. 1). In the present contribution, we considered four types

of variation: a) individual variation (bilateral symmetry), b)

ontogenetic variation (three stages of development), c) sexual

dimorphism (males versus females) and d) geographical

variation (different populations).

METHODS
Terminology for the leg segmentation follows Couzijn

(1976), and for spiniform setae Lamoral (1979), MeWest
(2009) and slightly modified from Prendini (2000). We

consider the spiniform macroseta as stout, blunt seta, spine-

like, with a socketed base and usually dark in color.

Spiniform macrosetai pattern on the leg basitarsus.—These

setae are found on the ventral face of the basitarsus of the four

legs; the arrangement (position and number of setae) is

different between them, except for legs III and IV, which

present the same pattern (Fig. 2). Macrosetae on the distal

margin of the segment are not considered, only those on the

ventral face proper. Setae are named according to their relative

position on the transverse axis of the ventral face of the

basitarsus: p = prolateral side, v = ventral, r = retrolateral; and

followed by their position with respect to the longitudinal axis:

t = terminal, st = subterminal, m = medial, sb = suprabasal

and b = basal. For example, a seta named pt means that it is

found on the prolateral side and near the terminal portion of the

basitarsus (e.g.. Fig. 3). On legs I and 11, one spiniform

macroseta is also found on the retrolateral face, at the medial

portion of the basitarsus (located in the retrolateral face and not

in the ventral face; therefore, we use capital R: Rm to designate

it; Fig. 3). The presence of the retrolateral median spiniform

macroseta on leg II is a diagnostic trait for the genus

Diplocentrus [the importance of the basitarsal macrosetae for

the taxonomy of the family will be presented elsewhere

(Santibanez-Lopez et al. in prep.)].

Observations were made using a stereoscopic microscope,

Nikon SMZ 800. All illustrations are ventral views of the

corresponding right leg (I, H, HI and IV) and the prolateral

pedal spur, located in the joint between the basitarsus and the

telotarsus, is shown to help the reader understand the relative

positions of the macrosetae studied. Illustrations were drawn

using the software Adobe Illustrator C3.

Sixty-five specimens from different populations covering a

wide range of the geographic distribution of D. tehuacanus

were studied, including 44 adults (30 males and 14 females), 15

subadults (7 males and 8 females) and 6 juveniles.

In order to analyze the variation in the number and position

of the setae present on the basitarsi, we considered the

following:
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200 km

Figure 1 .—Diplocentrus tehuacamis Hoffmann 1931, known records in central Mexico. Map divided into three regions for analysis of

geographical variation in basitarsal macrosetae: Region 1 (circles), Region II (squares) and Region III (triangles).

a) Individual variation. To determine whether asymmetrical

variation within a single specimen existed, we compared

the position and number of the macrosetae on both legs.

We used (randomly selected) 12 males, 12 females, and 6

juveniles.

b) Ontogenetic variation. To analyze variation in the

position and number of the macrosetae between different

developmental stages, we compared their arrangement on

all adults against the subadults and juveniles.

c) Sexual variation. To determine whether sexual dimorphism

in spiniform macrosetal patterns within the species was

present, we compared the arrangement of the macrosetae

on each leg (I, II, III and IV) in males and females.

d) Geographical variation. Because the range of distribution

of the species is wide, we divided the populations available

into three geographical sections: those found in the northern

range of the distributional area (Region I with 10

specimens), those found in the central range (Region II

with 43 specimens), and those found in the southeastern

range of the distribution area (Region III with 12 specimens,

which includes the type locality; see Fig. 1). We compared

the ventral basitarsal spiniform macrosetal pattern on each

leg (I, II, III and IV) from each region to each other, to

determine whether geographical variation was present.

Finally, we propose a generalized pattern for the species,

and compare it against the pattern of two morphologically

similar species also found in central Mexico: Diplocentrus

coylei Fritts & Sissoni 1996 and Diplocentrus longimanus

Santibahez-Lopez et al. 2011.

Abbreviations of specimen depositories are CNAN -

Coleccion Nacional de Aracnidos, Instituto de Biologia,

UNAM; CAIMSc - Instituto de Diagnostico y Referenda

Epidemiologicos, Secretaria de Salud, Mexico.

Specimens studied.

—

Diplocentrus tehuacanus Hoffmann

1931: MEXICO, REGION I: Morelos, Tlaquiltenango,

Huautla 18°26'24"N, 99°01'30"W, 945 m, 3 August 2003,

M. Cordova, A. Jaimes and H. Lagunas, 1 ?, 1 d, 2 subadult ?,

2 juveniles (CNAN-503038); Tlaquiltenango, Quilamula

18°30'37"N, 99°01'11"W, 1070 m, unknown date; M. Cordova

and A. Jaimes, 3 <3, 1 9 (CNAN-503213). REGION II: Puebla.

Acatlan 18°12'12"N, 98°02'55"W, 1180 m, 21 June 2000,

V. Vidal, 2 3 (CAIMSc-04249); Acatlan, Rancho Nuevo
17°56'41"N, 98°13'16"W, 1220 m, 10 November 2005,

unknown collector, 1 9 (CAIMSc-04240); Ahuehuetitla

18°12'44"N, 98°13'16"W, 1200 m, 8 January 2003, unknown
collector, 2 3, 2 9, 1 subadult 3, 1 subadult 9 (CAIMSc-

04259); Axiitla 18°1 1'21"N, 98°23'24"W, 860 m, 30 September

2004, unknown collector, 2 subadult 3, 1 subadult 9

(CAIMSc-04254); Chila de la Sal 18°06'36"N, 98°29'03"W,

940 m, 9 July 2003, unknown collector, 1 3, 1 9, 1 subadult 3

(CAIMSc-04271); Chinautla 18°16'03"N, 98°13' 1 1"W, 1200 m,

20 October 2000, unknown collector, 2 9 (CAIMSc-04278);

Guadalupe 18°05'35"N, 98°07'14"W, 1100 m, 17 April 2006,
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Figure 2 .—Diplocentnis tehuacanus Hoffmann 1931, legs F ill,

basitarsus and telotarsus, showing ventral spiniform macrosetae.

unknown collector, 1 S (CAIMSc-04253); Guadalupe, La

Providencia 18°03'46"N, 98°09'53"W, 1060 m, 9 August

2006, unknown collector, 1 $ (CAIMSc-04247); Izucar de

Matamoros 18°36'10"N, 98°27'55"W, 1280 m, 23 June 2004,

unknown collector, 1 $, 3 subadult <3, 1 subadult ? (CAIMSc-

04245); Piaxtla, Tlaxcoapan 18°09'22"N, 98°18'40"W, 980 m, 1

September 2000, unknown collector, 1 3 (CAIMSc-04273); San

Jeronimo Xayacatlan 18°13'22"N, 97°54'52"W, 1320 m, 6

March 2006, unknown collector, 1 3 (CAIMSc-04241 );

Tecomatlan, Rancho Nuevo 18°03'27N, 98°20'09"W, 980 m,

August 2001, unknown collector, 2 3, 2 ? (CAIMSc-04246);

Tecomatlan, Rancho Nuevo 18°03'27N, 98°20'09"W, 980 m, 13

March 2006, unknown collector, 1 ? (CAIMSc-04243);

Tecomatlan 18°06'44"N, 98°18'54"W, 920 m, 1 June 2001, F.

Martinez, 1 3 (CAIMSc-04239); Tehuitzingo, San Francisco de

Asis 18°26'12"N, 98°16'45"W, 1060 m, 7 September 2001,

unknown collector, 4 3, 1 $ (CAIMSc-04261 ); Tehuitzingo,

Tuzantlan 18°22'01"N, 98°19'31"W, 1000 m, 11 September

1999, unknown collector, 1 3 (CAIMSc-04269); Xicotlan,

Coacalco 18°04'18"N, 98°40'05"W, 800 m, 5 June 2001, M.
Sanchez, 5 3 (CAIMSc-04257). REGION III: Puebla, Tehua-

can, San Lorenzo (18°28'20"N, 97°26'W, 1660m) 22 January

1964, L. Vazquez, 1 3, 3 subadult ?, 4 juveniles (CNAN-
500726); Zapotitlan, San Juan Raya 18°18'58"N, 97°36'54"W,

1840 m, unknown date, unknown collector, 43 (CAIMSc-
04250).

Diplocentnis coylei Fritts & Sissom 1996: MEXICO:
Guerrero, El Comal, Buena Vista de Cuellar 18°27'86"N,

99°17'39"W, 1749 m, 13 June 2007, O. Francke et ah, 5 3, 4 $,

1 subadult 3, 2 subadult ?, 3 juveniles (CNAN-503262).
Diplocentrus kmgimanus Santibanez-Lopez et ah, 2011:

MEXICO: Puebla, Altepexi 18°22'03"N, 97°17'55''W, 1240 m,
16 October 2000, unknown collector, 1 3 (CAlMSc-04308);

Ahuehuetitla 18°12'44"N, 98°13'16"W, 1200 m, 1 May 2004,

unknown collector, 1 3 (CAIMSc-Ol 147); Chila de la Sal

18°06'36"N, 98°29'03"W, 940 m, 19 June 2000, unknown
collector, 1 ? (CAIMSc-04271 ); Piaxtla, Tlaxcoapan

Figure 3 .—Diploceutrus telnuicanus Hoffmann 1931, basitarsal

ventral spiniform macrosetal pattern (differences from the other

two species included in this study marked in bold type).

18°09'22"N, 98°18'40"W, 980 m, 1 September 2000, unknown
collector, 2 3 and 1 3 subadult (CAIMSc-04306); Tehuitzingo,

Tejalpa 18°21'39"N, 98°21'37"W, 960 m, 6 December 2001,

E. Bello, 1 3 (CAIMSc-04269); Tulcingo, Aguacatitlan

17°58'43"N, 98°20'02"W, 1100 m, 4 September 2003, M.A.
Sanchez and F. Santos R, 1 3 (CAIMSc-04297); Xicotlan

18°03'34"N, 98°31'32"W, 1260 m, 17 October 2001, unknown
collector, 1 3 (CAIMSc-04257).

RESULTS

The spiniform macrosetal pattern was more variable on leg 1

than on the others, followed by leg 11. The basitarsal spiniform

macrosetal pattern for Diplocentrus tehuacanus is as follows

(see also Fig. 3):

Leg 1. Two subterminal spiniform macrosetae (pst and rst)

and two median spiniform macrosetae (pm and rm) are found.

The presence of a ventral terminal macroseta (vt) was

observed in 1 1 of the 65 specimens, and it was always

asymmetrical (present on one side and absent on the other;

Table 1 ) and is not considered part of the generalized species-

specific pattern. A retrolateral terminal macroseta (rt) was

found on 1 1 specimens; on 5 of them asymmetrically (present

on one side and absent on the other) and on 6 specimens

present on both legs; it is nonetheless not considered part of

the species-specific pattern because it is missing in the majority

of the specimens (Table 1 ). A retrolateral median spiniform

macroseta (Rm) is present on all specimens.

Leg 11. Three terminal spiniform macrosetae are found (pt,

vt and rt), one subterminal (rst) and two median spiniform

macrosetae (pm and rm) are present. On this leg, we found

only one case of asymmetry, involving macroseta rm
(Table 1). On the retrolateral surface, the median spiniform

macroseta (Rm) is present on all specimens.

Legs III and IV. These two legs share the same basitarsal

macrosetal pattern: Three terminals (pt, vt and rt), one

subterminal (vst) and one median (vm) spiniform macrosetae
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Table 2.—Ontogenetic variation (noted in bold type, or lack thereof) on the spiniform macrosetae on the ventral (and the retrolateral) face of

legs I-IV. n = sample size (one juvenile missing both legs II); pt = prolateral terminal, rt = retrolateral terminal, vt = ventrolateral terminal, pst

= prolateral subterminal, rst = retrolateral subterminal, vst = ventral subterminal, pm = prolateral medial, rm = retrolateral medial, vm =

ventral medial, Rm = Retrolateral medial on retrolateral face; - = inapplicable. On all juveniles, instead of a spiniform macroseta, a stunted

macroseta was present on the retrolateral face.

Leg Stage n pt Rt vt pst rst vst pm rm vm Rm

I Adults 88 - 28 12 86 85 - 86 74 88

Subadults 30 - 6 5 30 30 - 30 30 - 30

juveniles 12 - 0 0 10 10 - 10 10 10*

II Adults 88 88 88 88 - 86 - 86 80 - 88

Subadults 30 29 29 29 - 29 - 29 29 - 30

juveniles 10 10 10 10 - 10 - 10 10 - 10

III Adults 88 88 88 88 - 88 - 87

Subadults 30 30 30 30 - - 30 - - 30 -

juveniles 12 12 12 12 - - 12 - - 12 -

IV Adults 88 87 88 87 - - 87 - - 88 -

Subadults 29 29 29 29 - - 29 - - 29 -

juveniles 12 12 12 12 - - 12 - - 12 -

Table 3.—Sexual variation on the presence and counts of spiniform macrosetae on the ventral (and retrolateral) face of legs I-IV; n = sample

size; pt = prolateral terminarl, rt = retrolateral terminal, vt = ventrolateral terminal, pst = prolateral subterminal, rst = retrolateral

subterminal, vst = ventral subterminal, pni = prolateral medial, rm = retrolateral medial, vm = ventral medial, Rm = Retrolateral medial on

retrolateral face; - = inapplicable.

Leg Stage Sex U pt rt vt pst rst vst pm rm vm Rm

I adult d 74 - 21 8 72 71 - 72 62 74

adult ? 44 - 13 9 44 44 - 44 42 44

II adult d 74 74 74 74 - 74 - 73 66 74

adult ? 44 44 44 44 - 44 - 44 44 44

III adult d 74 74 74 74 - - 74 - 74

adult 9 44 44 44 44 - - 44 - - 43

IV adult J 73 73 73 72 - 73 - 73

adult 9 44 43 43 44 - - 43 - - 44

Table 4.—Analysis of geographical variation on the spiniform macrosetae on the ventral face of legs I-IV. n = sample size; pt = prolateral

terminal, rt = retrolateral terminal, vt = ventrolateral terminal, pst = prolateral subterminal, rst = retrolateral subterminal, vst = ventral

subterminal, pm = prolaterai medial, rm = retrolateral medial, vm = ventral medial, Rm = Retrolateral medial on retrolateral face, Rt =

Retrolateral terminal on retrolateral face; - = inapplicable.

Leg Region n pt Rt vt pst rst vst pm rm vm Rm

I I 20 - 10 7 18 18 - 18 19 - 20

II 86 - 24 iO 85 84 - 84 73 - 86

III 24 - 0 0 23 23 - 24 22 - 22

11 I 18 18 18 18 18 18 18 - 18

II 86 86 86 86 - 86 - 86 78 - 86

III 24 24 24 24 - 24 - 23 23 - 24

III I 20 20 20 20 - 20 - - 20 -

11 86 86 86 86 - - 86 - - 85 -

III 24 24 24 24 - - 24 - - 24 -

IV 1 20 20 20 20 - 20 - - 20 -

H 85 84 85 84 - - 84 - - 85 -

III 24 24 24 24 - - 24 - - 24 -
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Table 5.—Interspecific variation on the spiniform macrosetae on the basitarsus of legs I-IV in three species of Diplocentrus Peters 1861

(differences highlighted in bold type): n = sample size; pt = prolateral terminal, rt = retrolateral terminal, vt = ventrolateral terminal, pst =

prolateral subterminal, rst = retrolateral subterminal, vst = ventral subterminal, pm = prolateral medial, rm = retrolateral medial, vm = ventral

medial, rsb = retrolateral suprabasal, Rm = Retrolateral medial on retrolateral face; - = inapplicable.

Leg Species n pt rt vt pst rst vst pm rm vm rsb Rm

I D. telnuiccmus 130 - 34 17 126 125 - 126 114 - - 128

D. longimatms 20 20 18 1
- 20 - 20 20 - - 18

D. coylei 30 28 - - - 30 - 20 28 - - 30

II D. tehuacanus 128 128 128 128 128 - 127 119 - - 128

D. longinumus 20 18 18 - 18 18 - 18 - - - 18

D. coylei 30 30 30 30 - 29 - 6 - - 24 30

III D. tehuacanus 130 130 130 130 - - 130 - - 129 - -

D. longimatms 20 20 20 20 - 20 20 - - 20 - -

D. coylei 30 28 28 28 - 2 28 - - 2 - -

IV D. tehuacanus 129 128 128 128 - - 128 - - 129 - -

D. longimatms 20 20 20 20 - 20 20 - - 20 - -

D. coylei 30 28 28 28 -
1 28 - - 4 - -

are found on these legs. A single case of asymmetry involving

macroseta pt on leg IV was observed (Table I).

Variation.

—

A) Individual variation. From the sample used in this study,

only 13 legs out of 236 studied (30 specimens X 8 legs =

240, less 4 missing legs) showed asymmetry: 1 1 (4.7%) on

leg I (6 on macrosetae vt and 5 on rt); one (0.4%) on leg II

(macroseta rm) and one (0.4%) on leg IV (macroseta pt).

Six specimens out of 30 (20%) possessed macroseta rt

symmetrically on both legs I, and as mentioned above

five had it asymmetrically on the same legs I.

B) Ontogenetic variation. Leg I. Seven adults (4 males and 3

females) and 2 subadults (1 male and 1 female) presented

macroseta vt, which was absent in all juveniles; 15 adults

and 4 subadults presented rt, which was also absent in all

Figure 4.

—

Diplocentrus coylei Fritts and Sissom 1996, basitarsal

ventral spiniform macrosetal pattern (differences from the other two
species included in this study marked in bold type).

juveniles. No differences in the number or the pattern of

spiniform macrosetae among age groups were found on

the other legs (see Table 2).

C) Sexual variation. No differences in number or pattern of

spiniform macrosetae were observed between males and

females, although both sexes had a low propensity to

present one extra macroseta (either vt or rt) on leg I (as

indicated above). No differences between sexes were

found on the other legs (see Table 3).

D) Geographical variation. Regions I and II had eight out of

53 specimens (15.1%) with vt and in 19 specimens

(35.9%) rt on leg I. The 12 specimens from region III

had no extra macroseta on leg I. No other differences

were found in the other legs (see Table 4).

Thus the generalized basitarsal spiniform macrosetae

formula for D. tehuacamis is Leg I with five: pst, rst, pm, rm

Figure 5.

—

Diplocentrus longimatms Santibanez-Lopez et al. 2011,

basitarsal ventral spiniform macrosetal pattern (differences from the

other two species included in this study marked in bold type).



326 THE JOURNAL OF ARACHNOLOGY

and Rm; Leg 11 with seven: pt, vt, rt, rst, pm, rm and Rm. Legs

III-IV with five: pt, vt, rt, vst and vm (Fig. 3).

Basitarsal spiniform macrosetal formula as a diagnostic species-

specific character in the genus Diplocentrm Peters 1861.—We
compared the pattern found on D. tehuacanus against the

patterns found on two morphologically similar species: Diplo-

centrus longimanus and Diplocentrus coylei. Differences between

the patterns are as follows (see also Table 5 and Figs. 3-5):

Leg I. The three species share the presence of macrosetae

rst, pm, rm, and Rm, but they differ as follows: D. longimanus

and D. coylei present pt, whereas on D. tehuacanus that

macroseta is absent; D. longimanus presents rt, which is absent

on the other two species; and D. tehuacanus presents pst,

which is absent on the other two species.

Leg 11. The presence of macrosetae pt, rt, rst and Rm is

common to the three species, but their differences are: D.

coylei and D. tehuacanus present vt, which is absent on D.

longimanus; D. longimanus and D. tehuacanus present pm, but

it is absent on D. coylei; pst is present only on D. longimanus,

rsb (retrolateral suprabasal) is present only on D. coylei and

rm is present only on D. tehuacanus.

Legs III-IV. The patterns for the three species share the

three terminal spiniform macrosetae (pt, vt and rt); they also

share the presence of vst, but they differ in the presence of rst

(only on D. longimanus) and the presence of vm (on D.

longimanus and D. tehuacanus).

CONCLUSIONS
The basitarsal spiniform macrosetal pattern on each of the

four legs of species of the genus Diplocentrus is rather

invariable, showing minimal bilateral asymmetry, predictable

ontogenetic changes, lacking sexual dimorphism and present-

ing minimal geographic variation. Furthermore, there are

reliable differences in the basitarsal macrosetal patterns among
the three species analyzed. Thus we consider that it is a species-

specific diagnostic character and strongly recommend that this

pattern be noted on all future descriptions, along with the
j

telotarsal count of spiniform macrosetae.
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Synonymy of four Pardosa species (Araneae: Lycosidae) undiagnosable without geography
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Abstract. We examined a group of seven morphologically similar species of the genus Pardosa to determine the reliability

of morphological identification characters independently of additional specimen data, such as habitat and geography. Of
the seven, four shared diagnostic character states with other species. These four species have areas of both sympatric and

allopatric distribution. Specimens collected from allopatric areas, thus expected to contain only one species, were identified

using only the morphology of the specimens, keeping the locality data hidden, and the reliability of the identifications was

assessed. Identifications of the allopatric specimens resulted in a 32% success rate, indicating that the sole use of

morphological characters did not work well for identification in this group. Reliance on geographical data to direct an

identification would likely result in identification errors in areas of sympatry. As a result we conclude Pardosa tristis

(Thorell 1877), P. prosaica Chamberlin and Ivie 1947 and P. dromaea {Thorell 1877), are new synonyms of Pardosa

groenlandica (Thorell 1872).

Keywords; Taxonomy, synonymy, label data

Taxonomic identification remains one of the most challeng-

ing aspects of the biological investigation of many species-rich

taxa. Although molecular tools are seeing greater use, for many,

morphology is the primary tool used to identify animal species,

often in conjunction with other data such as habitat, geograph-

ical, or behavioral information (Packer et al. 2009). However,

morphological differences are minor or difficult to discern for

some taxa, requiring greater reliance on these other data types

for correct identification. Reliance on such data is a question-

able taxonomic practice, in which information not obtainable

from the specimen itself is required for identification.

One such group of species can be found in the lycosid genus

Pardosa. The seven species here defined as the Pardosa

groenlandica species complex - P. groenlandica (Thorell

1872), P. prosaica Chamberlin & Ivie 1947, P. tristis (Thorell

1877), P. dromaea (Thorell 1877), P. lowriei Kronestedt 1975,

P. albomaculata Emerton 1885 and P. hucklei Kronestedt 1975

- are all so morphologically similar that they were synony-

mized under P. groenlandica at one point or another in their

taxonomic histories (Emerton 1894; Roewer 1955; Kronestedt

1975; Dondale & Redner 1990). Additionally, they all share

similar geographical ranges, being found across the northern

hemisphere from Iceland west to Russia above 32° latitude;

each is sympatric with at least one other member of the species

complex in a portion of its range. All seven are listed as valid

species by Platnick (2013) based on the morphological

taxonomic work of Kronestedt (1975), Dondale & Redner

(1990), Dondale (1999) and Vogel (2004). The species group is

part of the modica group of Pardosa, one of the most speciose

genera of wolf spiders, and five of the members had been

previously revised as a subgroup by Dondale (1999). Because

of these attributes, these species make an excellent group to

test the reliability of identifications made using only morpho-
logical diagnostic characters.

METHODS
Fresh specimens were predominantly collected from May

through August 2009 across western North America (Fig. 1).

In all, 175 adult spiders— 2 P. albomaculata, 5 P. bucklei, 8 P.

dromaea, 67 P. groenlandica, 8 P. lowriei, 30 P. prosaica, and

55 P. tristis — were collected, preserved in 100% ethanol and

stored at — 20°C for future molecular work. Specimens have

been deposited in the University of Alaska Museum (UAM)
Insect Collection (http://arctos.database.museum/saved/Pardosa-

Slowik) except for several specimens provided on loan by R.J.

Adams (personal collection), Susan Wise-Eagle (personal collec-

tion), Gerry Blagoev (University of Ontario, Guelph), and Buzz

Morrison [Denver Museum of Nature and Science (DMNS)]. To
ensure correct identification of fresh specimens, a voucher set of

specimens used in Dondale’s sub-group revision (Dondale 1999)

was provided by Charles Dondale via the Canadian National

Collection (CNC), which consists of 15 P. groenlandica, 8 P.

dromaea, 10 P. bucklei, 9 P. tristis, and 16 P. prosaica. Scanning

electron micrographs of these CNC voucher specimens were taken

using an ISI-SR50 microscope for aid in identification. Addition-

ally, specimens from the DMNS arachnid collection and the

University of Alaska Museum Insect Collection were examined.

These included specimens identified by B.R. Vogel, C.D. Dondale,

T. Kronestedt, D.J. Buckle, W.J. Gertsch, H.K. Wallace, and the

first author. Specifically, attention was paid to the characters used

in the original descriptions and in more recent taxonomic works by

Kronestedt (1975), Dondale & Redner (1990), Dondale (1999) and

Vogel (2004). Additionally, identification discussions were had with

T. Kronestedt, C.D. Dondale and B.R. Vogel (J. Slowik pers.

comm.).

To evaluate the consistency of the published characters for

identification, species descriptions of each of the seven species

(Kronestedt 1975; Dondale & Redner 1990; Dondale 1999;

Vogel 2004) were examined for diagnostic characters that

could be used to identify a species without additional habitat,

geographical or behavioral data. To test the utility of shared

morphological characters (Table I), newly collected specimens

were chosen that could be positively identified based on

geography (from regions lacking sympatry with other species

group members) and habitat alone. In all, 58 specimens were

chosen randomly for a blind identification analysis in which

attempts were made at identification using only the published

characters in Dondale (1999) and Vogel (2004), keeping the

location and habitat information hidden. The percentage of

327



328 THE JOURNAL OF ARACHNOLOGY

Figure 1.—Collection localities of Pcirdosa groenkindica species complex specimens used in this study, a-dark circles = P. cdhonmcidcita, light

circles = P. bucklei, dark stars = P. droimwa. light stars = P. lowriei\ b-dark circles = P. tristis, light circles = P. prosaiccr, c-light circles =

P. groenlandica.

correct identifications was calculated and notes on the

identifications were made.

To ensure that the diagnostic characters of these species

were properly understood, we added our 58 blind identifica-

tion specimens to 23 CNC voucher specimens (9 P. dromaea,

10 P. bucklei, and 4 P. prosaica) to replicate the morphometric

analysis in Dondale (1999). Measurements on the 81 total

specimens included carapace width, carapace length and the

piq ratio of the epigyna, in which p is the length from the

anterior end of the median septum (MS) to the atrial sclerite,

and q is the total length of the MS (Dondale 1999). These new
data were compared to Dondale’s results using a student’s

/-test for the average of each character. The differences in the

means of new data for these characters were compared using

an ANOVA, as done in Dondale (1999). If our results matched

those of Dondale (1999), this would confirm that we were

correctly interpreting and using these diagnostic characters.

RESULTS

Using only the morphological characters provided in

Kronestedt (1975), Dondale and Redner 1990, Dondale

(1999) and Vogel (2004), three species of the Pardosa

groenlandica species complex could be reliably identified. Both

P. albomaculata and P. lowriei could by identified by the

distinctive shape of their conductors and epigyna, particularly

the shape of the atria, atrial sclerites, and medium septa (see

Kronestedt 1975, Figs. 2-6). The other species all share the

distinctive flat conductor tip identified by Dondale (1999) as a

character of the groenlandica subgroup. Pardosa bucklei could

be correctly identified using the distinctive thick embolus and

the shape of the atrial sclerites, atrium, and MS relative to the

atrium. Additionally, P. bucklei has a significantly smaller

epigynum (P < 0.0001; df = 4, 42; F = 10.37), ranging from

0.60-0.73 mm in length compared to 0.82-1.08 mm for all
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Table 1.—Comparison of published diagnostic character groups used for species identification. A “N” indicates that that character state is

shared with the species with whom it shares its geographic range.

Diagnostic

embolus

Diagnostic

RPTA
Diagnostic

MS
Diagnostic

atrium

Diagnostic atrial

sclerites

Diagnostic

size Species habitat overlaps

P. aihomacidata Y Y N Y Y N P. groenlandica

P. lowriei Y Y N Y Y Y P. groenlandica, P. prosaica

P. hucklei Y N N Y Y Y P. tristis, P. droinaea

P. groenUmdica N N N N N N All but P. hucklei

P. tristis N N N N N N P. groenlandica, P. droinaea

P. prosaica N N N N N N P. groenlandica. P. lowriei

P. dromaea N N N N N Y P. groenlandica. P. tristis

Other species. This species showed little genitalic variation in

specimens examined across its range. Additionally, P. hucklei

is a smaller species and is generally found in a grassy or debris-

filled habitat adjacent to water (Dondale 1999; J. Slowik pers.

obs., B. Vogel pers. comm.), whereas other groenUmdica

species complex members prefer large scree or cobble areas

(Dondale 1999; Vogel 2004, C. D. Dondale pers. comm.; B. R.

Vogel pers. comm.; J. Slowik pers. obs.).

The other four members of the species complex (P.

groenlcmdica, P. tristis, P. prosaica and P. droinaea) were

found to lack distinctive morphological characters for reliable

identification (Table 1). Results of the blind identifications

involving these four species resulted in 43% (25 of 58

specimens) being incorrectly identified using the published

morphological characters alone (Dondale 1999; Vogel 2004).

Because multiple characters are used for identification, 24%
(14 of 58 specimens) were found to possess characters from

two or three possible species. These specimens could not be

identified confidently to a single species. However, of the

potential species that these specimens could be, one of them

had to be the correct species. Thus, if a determination had to

be made, there was a 33-50% possibility that it would have

been correct. The remaining 32% (19 of 58 specimens) were

correctly identified based on the published characters for

identification without the use of geographic or habitat

information.

In particular, the shape of the retrolateral process of the

terminal apophysis (RPTA, Fig. 2), which was mentioned as a

useful character for species identification of the subgroup by

Dondale (1999), was difficult to use and produced inconsistent

results. Dissection of the palp is required to observe the

RPTA, and damage to the RPTA may occur. Additionally, a

lot of variation was seen in the RPTA shape within males from

a single population (Mt. Evans, Colorado). A RPTA shape

(Fig. 2, P. tristis) not mentioned in Dondale was found in

several specimens of P. tristis from Kamloops and Prince

George, British Columbia, and one specimen from Mt. Evans,

Colorado. The RPTA shape does not appear to conform to

P.

Figure 2.—Scanning electron micrographs of Pardosa palpal apical division. Clockwise from upper left; P. groeulcmdica. P. tristis. P. droinaea,

prosaica and P. hucklei. Images 130 X except for P. hucklei 190 X. Arrows point to retrolateral process of the terminal apophysis (RPTA).
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Figure 3.—Morphology and geographic distribution of three Pardosa groenkmdicci species. a-Pardosa tristis, inverted T shaped median

septum (MS), arrows point to narrow anterior and posterior regions. h-P. prosciica, left image - urn shaped MS, lines emphasize widening of MS
posteriorly; right image - palp, retrolateral view, arrow points to constriction on interior edge of the embolus. c-P. groenlandica, lines emphasize

parallel shape of MS lateral edges.

clearly distinct shape categories, but rather appears variable

within populations and species.

In the species descriptions for the four species (Dondale

1999; Vogel 2004) the MS shape and sizes of the atria are

presented as useful for species identification. Dondale (1999)

described three geographic variants based on the shape of the

MS, which represented the 32% of our correct identifications

in the blind trial. These are an inverted T shape, a bottle

shape, and an urn shape with a constricted anterior neck

(Fig. 3). The inverted T-shape MS variants are found west of

the Rocky Mountains from New Mexico north to British

Columbia in the Great Basin and described as P. tristis by

Dondale (1999). They may be characterized by a long, narrow

MS abruptly widening in the posterior region, with the

posterior edge often being almost fiat. The urn-shaped MS
variants were found in Alaska extending east into the Yukon,

and were described as P. prosaica by Dondale (1999). This

variant may be characterized by a narrow anterior region

widening into a curved arc along the lateral edge, with a

curved posterior edge. The size of the posterior MS expansion

was variable. Male specimens from Alaska and Yukon also

had a constriction on the interior edge of the embolus (Fig. 3).

However, females collected in eastern Yukon and northern

British Columbia with urn-shaped median septa were collected

with males that did not have the constricted embolus. It would

appear that the distribution of urn-shaped median septa

extends beyond that of the constricted embolus. The bottle-

shaped MS variant was found in specimens from Newfound-
land and Greenland and was described as P. groenlandica by

Dondale (1999). This form is characterized by a relatively wide

anterior region, widening somewhat then extending posteri-

orly and creating almost parallel lateral edges of the MS.
These geographic variants were often collected from popula-

tions in regions that were supposed to have only one species,

which also had individuals with MS shapes not fitting one of

the three previously described shapes.

A fourth shape, the “A” shape, was described as being

found in both P. tristis and P. prosaica by Dondale (1999:

Fig. 4). This shape did not have a distinct distribution trend

and was one source of error in five of the identifications.

Misinterpretation of the urn shape resulted in the incorrect

identification of eleven specimens, due largely to the constric-

tion of the anterior MS region (Table 2).

The majority of specimens had MS shapes that were a

conglomeration of the four described shapes and did not

present geographic patterns tied to MS morphology. Figure 4

shows an example, with a narrow anterior region widening

similarly to a bottle-shaped MS, a gradual curving lateral edge

similar to an urn-shaped MS and a flat posterior edge similar

to an “A” or inverted T-shaped MS. This specimen could not

be identified without recourse to its collection locality data.

Other specimens had a narrow MS that failed to expand

posteriorly at all (Somers Beach, Montana, n = 2). Specimens

expressing median septa outside of the published descriptions

were often collected syntopically, in regions that were

supposed to have one species, with specimens that did present

one of the four described shapes, demonstrating considerable

within-population variation in this character.
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a b

Figure 4.—Additional median septum (MS) shapes of Pardosa groenlandicci species complex specimens. a-“A” shaped MS, lines emphasize

abrupt posterior widening of MS. b-example of MS showing a conglomeration of characters, arrows point to wider anterior region similar to a

bottle shaped MS, lines emphasize posterior swelling of MS similar to an urn shaped MS.

Comparison of the morphometric data with those of

Dondale (1999) was only significantly different for one

character, male P. bucklei carapace length (Fig. 5, P -

0.0039, df=S, t = 4.01). Our results showed P. bucklei to be

significantly different from all other species included in the

groenlandica subgroup for all measured characters (Table 3,

P < 0.05). Pardosa dromaea was found to be significantly

smaller for all characters except for female carapace length {P

< 0.05). These data are in general agreement with Dondale’s

results and led to the same general conclusions; that P. bucklei

Table 2.—Examples of females of the Pardosa groenlandica species

complex incorrectly identified using median septa shape in the

morphological review.

Species Correct/incorrect

P. groenlandica 3/8

P. dromaea All

P. tristis 8/10

P. prosaica 6/12

Examples Correct Median septa

of error Identified as species shape

UAM 100040085 P. groenlandica P. tristis parallel um shape

UAM 100050737 P. groenlandica P. prosaica narrow um shape

UAM 100040090 P. groenlandica P. prosaica narrow um shape

UAM 100040091 P. groenlandica P. prosaica narrow um shape

UAM 100039493 P. groenlandica P. prosaica narrow um shape

UAM 100045725 P. dromaea P. groenlandica wide urn shape

UAM 100039724 P. dromaea P. tristis swelled “A” shape

UAM 100039724 P. dromaea P. tristis swelled “A” shape

Chu 5 P. tristis P. groenlandica long “A” shape

UAM 100040064 P. tristis P. groenlandica long “A” shape

UAM 100045604 P. prosaica P. groenlandica wide urn shape

Chu 4 P. prosaica P. groenlandica wide urn shape

UAM 100045726 P. prosaica P. groenlandica wide urn shape

UAM 100045706 P. prosaica P. groenlandica wide urn shape

Chu 10 P. prosaica P. groenlandica wide urn shape

UAM 100045758 P. prosaica P. tristis “A” shape

and P. dromaea are smaller species and that P. groenlandica,

P. tristis, and P. prosaica cannot be differentiated from each

other using this morphometric approach.

DISCUSSION

This review of the Pardosa groenlandica species complex

replicated and re-evaluated previous studies and results

presented in previous taxonomic literature (Kronestedt 1975;

Dondale & Redner 1990; Dondale 1999). Published species

descriptions enabled reliable identifications of four species, P.

alhoinaculata, P. lowriei, P. bucklei and P. groenlandica, with

the latter as the senior synonym of P. tristis. P. prosaica, and

P. dromaea. We conclude that the morphological variation

present in the four species, P. groenlandica, P. dromaea, P.

tristis, and P. prosaica, sensu Dondale (1999) is insufficient to

warrant species designation as we were unable to reliably

separate the four species. We found no clear morphological

species boundaries in these species; rather, there are morpho-

logical geographic trends and large amounts of genitalic

variation in presumably conspecific members collected syn-

topically (i.e., in the same place and time). The amount of

variation recorded is consistent with other Pardosa studies in

which high amounts of variation have been found in Pardosa

species groups both among species and within populations

(Holm 1939, 1967; Kronestedt 1975, 1986, 1988, 1993; Vogel

2004). We could not find any previously unused characters

that might help to diagnose these four named species. These

results do not rule out the presence of multiple species living in

sympatry as mentioned by Dondale (1999), but they highlight

the fact that if this is the case, we could find no consistent

morphological way to separate them.

Dondale (1999) provided descriptions that could identify

some individuals of a population. For example, some P.

prosaica can be diagnosed by the urn-shaped MS and by the

constriction on the embolus, some P. tristis by the inverted

T-shaped MS, and some P. groenlandica by the bottle-shaped

MS. Specimens identified as P. dromaea were significantly

smaller and showed a significantly smaller epigynal plq ratio;
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however, there are no male attributes for identification of these

last three species. Additionally, the morphological differences

that identify P. dromaea may be an artifact of the habitat, as the

growth and development of juvenile Pardosa are affected by

nutrition (Miyashita 1967; West-Eberhard 2005). The larger

issue is that none of these identifiable forms exist in isolation

from other variants showing a conglomeration of character

states. It is as if the forms that had been described as species are

just part of the variation. Thus identification of the variants

requires the use of the proximity to specimens that are identified

as one of the four identifiable fonns. Use of this method for

identification cannot be recommended because if species are

sympatric there is no way of discerning species. Dondale (1999)

and Vogel (2004) both present geographic regions for these

species in which no sympatry is thought to occur (i.e., there

should be only one species of the group present). This is a tricky

assumption, which assumes sampling adequate to determine

true species distributions, not just sampling occurrences. There

is no doubt that both Dondale and Vogel felt that this

assumption had been met, or else they likely would not have

made such a statement; however, as our blind identification

results show, either these regions contain multiple species or

these species contain variation outside that described for them.

This difficulty in defining species boundaries is not

unexpected, as lycosid spiders, and particularly Pardosa, show

a great deal of conservation in some genital structures across

genera, while also showing large amounts of genital variation

in other structures among populations and species (Wallace
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Table 3.—Measurements (in mm) of the Pardosa groeukmdica species complex. Means significantly different from other species arc identified

by the first letter of the species name. Asterisk signifies measurements significantly different from Dondale (1999).

Carapace width Carapace length Epigynum

Species Male SE sig. Female SE sig. Male SE sig. Female SE sig. Epigynal ratio SE sig.

P. groenlandica 3.44 0.066326549 3.69 0.08 4.42 0.08 4.59 0.12 68.64 1.27

P. dromaea 2.88 0.08 gtpb 3.20 0.10 gtpb 3.76 0.12 gtpb 4.21 0.12 65.82 1.19 gdtp

P. hucklei 2.29 0.087037407 gdtp 2.35 0.08 gdtp 2.96 0.07 gdtp* 3.20 0.09 gdtp 76.29 1.25 gdtp

P. tristis 3.36 0.094657277 3.49 0.09 4.23 0.11 4.45 0.10 71.00 1.03

P. prosaica 3.23 0.073514927 3.39 0.12 4.09 0.12 4.37 0.15 68.80 0.61

1942; Dondale & Redner 1990). Additionally, spiders are

thought to be prime candidates for evolutionarily fast

reproductive morphological changes (Eberhard & Huber

2010). However, by replicating Dondale’s (1999) previously

used methods and by using a set of his voucher specimens, we
confirmed that our sample of the groenlandica species group

fell within the species demarcations of prior authors.

The morphological trends found in these data raise

questions that morphology alone has been unable to answer.

For example, the inverted T-shaped MS is only found in

populations west of the Rocky Mountains. Other MS shapes

are also found within these same populations. Therefore, it

could be hypothesized that these are two or more species in

sympatry, or that the inverted T-shaped MS is a historic

geographic race that is experiencing some introgression from a

more variable shaped MS race representing MS shapes other

than the inverted T-shape. If the latter hypothesis is assumed,

it questions gene flow due to these spiders’ ability to disperse

long distances when young via ballooning (Greenstone et al.

1987; Crawford et al. 1995), as no specimens with inverted T-

shaped median septa were found north or east of the Rockies.

These questions may yield to future analyses of molecular

data.

CONCLUSION
Our evaluation of morphological identification characters

for members of the Pardosa groenlandica species complex

found them to be reliable for three species, P. alhoinaculata,

P. lowriei, P. hucklei. We found no reliable morphological

characters to separate the four species, P. groenlandica. P. tristis,

P. prosaica, and P. dromaea, sensu Dondale (1999). Because

these four species are sympatric with one or more of each other,

and the published identification characters resulted in a

32% success rate we conclude that P. tristis, P. prosaica, and

P. dromaea are junior synonyms of P. groenlandica. Using a

blind identification analysis allowed us to remove the reliance of

data types not directly associated with the specimen in hand.

This type of test may be useful for taxonomists working with

morphologically similar species to test identification characters

independent of bias from other data sources.

TAXONOMY

Family Lycosidae Sundevall 1883

Pardosa C.L. Koch 1847

Pardosa groenlandica Thorell 1872

Lycosa groenlandica ThoxtW 1872:157; Jackson 1933:147, PI. 1,

Fig. 4; Holm 1939:77, Fig. 3. Lectotype male and para-

lectotype female from Disko Island, West Greenland

(69°15'N, 3°32'W (Th. Fries). (Thorell Collection No. 244/

1524a), 3 July 1871. Both deposited in the Swedish Museum
of Natural History. Examined.

Lycosa iracnnda Thorell 1877:514. Neotype male from Pikes

Peak, 3660 m elevation, El Paso County, Colorado, 24 June

1940 (W.J. Gertsch and L. Hook), deposited in AMNH.
Examined. Synonymized with P. groenlandica in Dondale

1999.

Lycosa indagatrix Thorell 1877:512. Holotype female from

Denver (39°44'N, 104°59'W), Denver County, Colorado,

10 July 1875 (A.S. Packard, Jr.). Specimen lost or destroyed

(Dondale 1999). Neotype male from South Platte River at

88th Street, Denver, Denver County, Colorado, 20 June

1985 (C.D. Dondale & J.H. Redner), deposited in CNC
but unable to locate to examine. Synonymized with and

designated type for P. dromaea in Dondale 1999.

Lycosa tristis Thorell 1877:510. Syntype female from “Idaho”

(Idaho Springs, 39°44'N, 105°00'W), Clear Creek County,

Colorado, 5 July 1875 (A.S. Packard, Jr.), and syntype

female from Williams Canyon, “Manitou” (Manitou

Springs, 38°51'N, 104°55'W), El Paso County, Colorado,

17 July 1875 (A.S. Packard, Jr.). Both lost or destroyed

(Dondale 1999). Neotype female from Mt. Evans, 14,000

feet (4300 m) elevation (39°35'N, 105°38'W), Clear Creek

County, Colorado, 25 July 1961 (B.H. Poole), deposited in

CNC. Examined.

Lycosa dromaea Thorell 1878:395. New name for L. indaga-

trix, which was preoccupied.

Pardo.sa groenlandica Emerton 1894:423, PI. 4, Fig. 1;

Emerton 1902:79, Figs. 189, 190; Chamberlin 1908:200,

PI. 14, Fig. 6; Gertsch 1933:18; Comstock 1940:664, Fig.

731c; Braendegaard 1946:19, Figs. 6, 7; Levi 1951:225, Figs.

13, 14; Levi & Field 1954:456, Figs. 66, 68; Kronestedt

1975a:218, Figs. 3c, 4C-c; Dondale & Redner 1990:212,

Figs. 300-304; Dondale 1999:439, Figs. 1, 14; Paquin &
Duperre 2003:163, Figs. 1807-1810; Vogel 2004:89, Figs.

71, 92.

Pardo,sa tristis Chamberlin & Ivie 1941:10; Roewer 1955:195;

Dondale 1999:445, Figs. 2, 7, 8; Vogel 2004:91, L 65, 91.

New synonymy.

Pardosa nebraska Chamberlin & Ivie 1942:30, PI. 7, Figs. 69,

70. Holotype male from 6 km west of Lexington

(40°85'09"N, 99°85'59"W), Dawson County, Nebraska,

6 June 1933 (W. Ivie), deposited in AMNH. Examined.

Synonymized with P. dromaea in Dondale and Redner

1990.

Pardo.sa prosaica Chamberlin & Ivie, 1947:21, PI. 10, Figs. 89;

Dondale 1999:446, Figs. 5, 10 13, 15. Holotype female

from Quartz Creek, 15-16 miles (~ 24 km) N of Haycock
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(65°13'N, 161°1()'W), Seward Peninsula, Alaska, 11 August

1946 (R.D. Hamilton), deposited in AMNH. Not examined.

New synonymy.

Pardosii ciromaea Dondale & Redner 1990:209, Figs. 305-307;

Dondale 1999:443, Figs. 4, 6; Vogel 2004:88, Figs. 72, 93.

New synonymy.

Diagnosis. -Pavdosa groeidaiidica is a member of the modica

group (Kronestedt 1981 ); the speeies can be separated from all

other members of the group by the males having a basally

tapered embolus and a broad, Hat, strongly curved conductor.

Females have narrow, transverse atrial sclerites located along

the posterior edge of the atrium, a median septum, which lacks

elongated lateral protrusions from the anterior half of its

length, and the median septum extends to the posterior edge.
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New records of Pennsylvanian trigonotarbid arachnids from West Bohemia, Czech Republic

Ivana Hradska' and Jason A. Dunlop-: 'West Bohemian Museum Pilsen, Department of Zoology, Kopeckeho sady 2, 301

16 Pilsen, Czech Republic; -Museum fiir Naturkunde, Leibniz Institute for Research on Evolution and Biodiversity at

the Humboldt University Berlin, Invalidenstrasse 43, D-10115 Berlin, Germany

Abstract. New records of the extinct arachnid order Trigonotarbida are described from Upper Pennsylvanian (Moscovian:

Bolsovian [=Westphalian C]) spoil heaps associated with the Tynec mine near the village of Tynec in West Bohemia, Czech

Republic. Three specimens are recorded, two ofwhich are incomplete opisthosomas assigned to Trigonotarbida incertae seclis.

A third fossil is more complete and is described here as Tynecotarhus ticluiveki gen. et sp. nov. Its familial position is uncertain,

but the presence of a weakly lobed carapace and finely tuberculate body ornament suggests affinities with the ‘eophrynid

assemblage’ semu Dunlop & Brauckmann (2006) and particularly the family Lissomartidae from Mazon Creek, USA. In

order to be comprehensive in our study, we include a complete list of Czech trigonotarbids.

Keywords: Fossil, Tynec, stratigraphy, new genus and species

Trigonotarbids are an extinct order of arachnids that

ranged from the Upper Silurian (Pfidoli) (Jeram at al. 1990)

to the Lower Permian (Sakmarian) (Dunlop & Rossler 2013).

Sixty“five valid species are currently recorded in the literature

(Dunlop et al. 2013), and they occur most frequently in

Pennsylvanian sediments in Europe and North America. Here

they seem to represent one of the more common and abundant

arachnid groups in Coal Measures ecosystems, their fossils

regularly turning up at appropriate localities. Trigonotarbids

are placed in the arachnid taxon Pantetrapulmonata Shultz

2007 [see also Shear et al. (1987) for details of synapomor-

phies] as the sister-group of the orders Araneae (spiders),

Amblypygi (whip spiders), Thelyphonida (whip scorpions) and

Schizomida (schizomids). They also share characters with the

rare order Ricinulei (ricinluleids), which has led to speculation

that ricinuleids may also be part of this wider pantetrapulmo-

nate assemblage (see Dunlop et al. 2009). Trigonotarbid fossils

are characterized by a segmented opisthosoma with eight or

nine dorsally visible tergites, most of which are divided

longitudinally into median and lateral plates. These animals

evidently had mouthparts modified for biting (e.g., Shear et al.

1987) and are generally regarded as probably having been

cursorial predators in Paleozoic terrestrial ecosystems (see

overview in Garwood & Dunlop 2010).

Most of the Pennsylvanian trigonotarbids have been found

at classic Westphalian localities associated with coal mining

districts, such as the Saar and Ruhr areas of Germany
(Guthorl 1934; Jux 1982), Silesia in Poland (Karsch 1882),

former collieries or clay pits such as Coseley in the English

West Midlands associated with the British Middle Coal

Measures (Pocock 1911; Petrunkevitch 1949) and Mazon
Creek in the USA (Petrunkevitch 1913). Trigonotarbids are

also well represented in the Coal Measures of central and

western Bohemia in the Czech Republic. Fifteen currently

valid species have been described so far from this area

(Table 1), although these are largely based on compression

fossils that are prone to post-mortem alteration; e.g., shearing,

stretching, truncation of body parts, etc. A number of these

taxa are currently defined on rather trivial characters, relating

^Corresponding author. E-mail: jason.dunlop@mfn-berlin.de

to features such as ratios of body proportions, and we expect

that some of the named species will eventually prove to be

synonyms. Historical descriptions of Bohemian trigonotarbids

can be found in Stur (1877), Kusta (1883, 1884), Eric (1901,

1904), Petrunkevitch (1953) and Pfibyl (1958), with more
recent summaries in Oplustil (1985, 1986:fig. 1) and a revision

of three genera by Dunlop (1995a).

Here, we describe three Pennsylvanian trigonotarbids from

a new Bohemian locality; namely spoil heaps near the village

of Tynec. Two of these records are incomplete and are treated

as Trigonotarbida incertae sedis. A third fossil is much better

preserved and appears to represent a new genus and species,

which we describe in detail below.

METHODS
The three specimens were obtained from the private

collection of Mr. Frantisek Tichavek and have subsequently

been deposited in the West Bohemian Museum, Pilsen. All are

preserved as compression fossils in a gray-brown mudstone.

We whitened the fossils with ammonium chloride and studied

them under incident light using a binocular microscope.

Photographs were made using an Olympus E410 camera.

Immersion in 70% alcohol also improved the detection of

morphological details, particularly cuticle. We studied the

holotype of the new species under scanning electron micros-

copy (SEM) using a JEOL JSM-6380LV at the Institute of

Geology and Palaeontology, Charles University, Prague. All

measurements are in millimeters.

Locality and geological setting.—All three specimens de-

scribed here were found among spoil deposits of the Tynec

(formerly Masaryk or Austria 2) mine near the village of

Tynec in West Bohemia, Czech Republic. In this mine,

bituminous coal of Pennsylvanian (Moscovian) age was

extracted between 1899 and 1965 from coal seams of the

Radnice (Bolsovian substage) and Nyfany (Asturian substage)

groups of the Kladno Formation; the former group being

more important (Havlena 1964; Pesek 1996). This spoil heap

was recently under threat of displacement due to intensive fire

clay extraction and subsequent reclamation. During this

process (between 2008 and 2010), a rich Pennsylvanian fiora

was collected in dark gray mudstones and examined in detail

335
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Table 1. - Trigonotarbids from the Czech Republic; arranged stratigraphically from youngest (above) to oldest (below). Data based on

Oplustil (1985, 1986), Dunlop et al. (2013), Dunlop & Rbssler (2013) and the primary literature, updated to rellect recent changes in

nomenclature (cf. Dunlop 1995a; Harvey & Sclden 1995; Garwood & Dunlop 2011). Only valid species listed; see Dunlop et al. (2013) for

synonyms. Abbreviations: ISB Intra Sudetic Basin, PB - Pilsen Basin, KRB Kladno Rakovnik Basin, USB - Upper Silesian Basin.

Species Locality Age Ma

Aiilhraconuirttis nuhaniceiisis (Oplustil 1985) Radvanice, ISB Gzhelian 299-304

Aiuhnicoiiuirtiis hohcniicus (Eric 1901) Nyfany, PB Moscovian 311-315

Anthrdcoiiuiriiis carcinoides (Eric 1901) Nyfany, PB
[Asturian]

Moscovian 311-315

Antliraconuirtiis edegans Eric 1901 Nyfany, PB
[Asturian]

Moscovian 311-315

Aiitliracoiuartiis uyrancnsis (Petrunkevitch 1953) Nyfany, PB
[Asturian]

Moscovian 311-315

Nyranylarhiis liofiiianni (Eric 1901

)

Nyfany, PB
[Asturian]

Moscovian 311-315

Nyrcinytarhiis longipes (Eric 1901

)

Nyfany, PB
[Asturian]

Moscovian 311-315

Tynecotarhus tichaveki gen. et sp. nov. Tynec, PB
[Asturian]

Moscovian 309-310

Aplumtonuirlus arcolatiis Pocock 1911 Libusin near Kladno, KRB
[Bolsovian]

Moscovian 309-310

(in Oplustil 1985)

Aphantoiuuniis piistiikitiis Scudder 1884 Libusin near Kladno, KRB
[Bolsovian]

Moscovian 309-310

(in Rbssler 1998)

Trigonoimirtiis spp. (in Oplustil 1985) Libusin near Kladno, KRB
[Bolsovian]

Moscovian 309-310

Aphantomartidae gen et sp. Indet. Mine Pokrok near Radnice, KRB
[Bolsovian]

Moscovian 309-310

(in Oplustil 1985)

Anthracosironidae gen. et sp. Indet. Mine Gottwald-lll, Kladno, KRB
[Bolsovian]

Moscovian 309-310

(in Oplustil 1985)

AntliracoDKirlus jcincie (Oplustil 1986) Vinafice near Kladno, KRB
[Bolsovian]

Moscovian 309-310

Aiithracoinarlus kustac Petrunkevitch 1953 Rakovnik, KRB
[Bolsovian]

Moscovian 309-310

Aiilhracoiiiartiis minor Kusta 1884 Rakovnik, KRB
[Bolsovian]

Moscovian 309-310

Planonuirtus kre/cii (Kusta 1883) Rakovnik, KRB
[Bolsovian]

Moscovian 309-310

Pelrovicia proditoria Eric 1904 Petrovice near Rakovnik, KRB
[Bolsovian]

Moscovian 309-310

Stcnotrogidus sainni (Stur 1877) Ostrava-Karvina, USB
[Bolsovian]

Serpukhovian 323-331

in order lo gather data about the diversity of plant species in

the Kladno Formation. During the course of these paleolloral

investigations, a total of 32 species of fossil plant were found

together with rare Pennsylvanian faitnal elements (Tichavek &
Bures 2010), including the lophophorate Microcoiuiiiis—
originally thought to be the worm Spirorhis, but see Taylor &
Vinn (2006) for a reinterpretation of pre- Mesozoic records

—

and the trigonotarbid arachnids. Although no stratigraphically

indicative plant remains are associated with the arachnid

specimens, the character of mudstone resembles that from the

roof of the Upper Radnice Coal. This would render it Bolsovian

in age (ca. 309-310 Ma), etiuivalent to the Westphalian C of

Western European stage terminologies. The following Asturian

substage is thus ec]uivalent to the Westphalian D.

SYSTEMATIC PAEEONTOLOGY

Order Trigonotarbida Petrunkevitch 1949

Remarks. Petrunkevitch (1949) divided Karsch’s (1882)

original order Anthracomarti into two orders; subsecjiiently

emended to Anthracomartida and Trigonotarbida. The fea-

tures Petrunkevitch used to separate these taxa were challenged

by Dunlop (1996), and both groups were reunited under the

then more widespread and clearly defined name Trigonotar-

bida. For a complete synonymy list of trigonotarbid higher taxa

and further discussion, see Garwood & Dunlop (201 1 ).

Family uncertain

Genus Tynecotavhus gen. nov.

Type species.— Tynecotarhus (ic/uiveki gen. et sp. nov.

Etymology.

—

From the type locality of Tynec in West

Bohemia and the typical trigonotarbid suffix tarbus; derived

from the Greek tarhos, meaning terror/alarm.

Diagnosis.

—

Trigonotarbids characterized by a kidney-

shaped to subtriangular carapace bearing a raised, triangular

median region that hosts both the median eyes anteriorly and

a row of three tubercles more centrally; carapace also with

faint lateral lobation. Opisthosoma oval, and entire dorsal

body surface ornamented with fine, granular tuberculation.
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Figures I -2. Tynccolurbus ticliavcki gen. et sp. nov.. a new genus

and speeies belonging to the extinet araehnid order Trigonotarbida

from the Pennsylvanian (Moseovian, Bolsovian substage) of Tynee in

the Pilsen Basin of West Bohemia, Czech Republic. 1. Overview of the

holotype. West Bohemian Museum Pilsen. No. M()()758; 2. The same,

detail of the carapace region showing the fine granular ornament of

the cuticle arrowed are the putative median eyes, three larger

tubercles on the midline and the faint lateral divisions of the carapace.

Scale bars = 5 mm (1) and 2 mm (2).

Figure 3. Tyiiccolarhus liiiuivcki gen. el sp. nov. Holotype,

scanning electron micrograpli (SEM) of the central carapace region.

Note again the granular cuticle ornament and the three larger,

rounded tubercles towards the midline (arrowed). Seale bar = 1 mm.

Remarks.— Nine families of trigonotarbids arc currently

recognized, but there is no robust phylogenetic framework for

their interrelationships. Our new Bohemian fossil does not fit

comfortably into any of the accepted groupings. It was

provisionally listed (and figured) as a member of the family

Anthracosironidae by Tichavek & Bures (2010). Based on its

granular cuticle, it was also initially suspected to be an

anthracomartid; see Garwood & Dunlop (201 1 ) for a revision

of Anthracomartidae. However, the absence of lateral eye

tubercles on the carapace unequivoeally excludes the families

Anthracomartidae, Palaeocharinidae, Archaeomartidae (see

especially Poschmann & Dunlop 2()10:fig. 9), and probably the

usually long-bodied Anthracosironidae, too. The remaining

five trigonotarbid families are potentially a monophyletic

group, united by this character of lateral eyes absent. Of these,

Trigonotarbidae have a similarly raised median carapace

region (cf. Pocock 1911; Petrunkevitch 1949), but their

carapace is more obviously triangular and they lack both the

granular body ornament seen in the new fossil and the faint

lobes dividing the lateral carapace margins.

Three of the remaining four families also probably represent

a monophylum, namely Aphantomartidae, Kreischeriidae and

Eophrynidae. They were provisionally termed the 'eophrynid

assemblage’ by Dunlop & Brauckmann (2006) and can be

characterized by the potential synapomorphies of an often
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clypeus

Figure 4.—Interpretative drawing of the holotype of Tynecotarbus tichaveki gen. et sp. nov.; opisthosomal segments numbered. Scale bar = 5

mm.

heavily ornamented dorsal body surface and deeply lobed

carapace margins, typically with further lobation of the median

carapace region as well; see, e.g., illustrations in Petrunkevitch

(1953, Figs. 81, 82) and Dunlop (1995a). In this context, our

new fossil—with only weak and barely discernible carapace

lobation—cannot be accommodated into any of these ‘eo-

phrynid’-like families sensu stricto. In a wider context, there

seem to have been transitional forms between the rather smooth

and simply-constructed Trigonotarbidae and the larger and

more robust and ornamented ‘eophrynid’-Hke trigonotarbids.

Our new fossil preserves a unique combination of characters

for trigonotarbids (see Diagnosis), which we believe justifies a

new genus. We suspect that with its granular ornament and

weakly lobed carapace, it falls phylogenetically somewhere into

this transitional zone between Trigonotarbidae and the eo-
I'

phrynid assemblage. Two other genera appear to belong here,

too. Namaurotarbus Poschmann & Dunlop 2010 (family

uncertain) was raised for a trigonotarbid from Hagen Vorhalle
j

in Germany, originally described by Dunlop & Brauckmann

(2006: Figs. 1, 2). This rather squat German fossil has a more
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Figure 5.—Sketch reconstruction of the probable appearance of

Tynecotarbus tichaveki gen. et sp. nov. in life; distal ends of pedipalps

and legs equivocal in the original fossil and omitted here.

triangular carapace and quite strongly defined lateral carapace

lobes. Unlike our new material, the median region of the

carapace is also divided down the middle, and there is no

granular cuticle ornament. We exclude our new fossil on these

characters from Namaurotarbus.

A much better candidate is Lissomartus Petrunkevitch 1 949

from Mazon Creek, USA. This genus was originally placed in

Trigonotarbidae, but was raised to a new family, Lissomarti-

dae, by Dunlop (1995b), who also redescribed its two

constituent species. As in our new fossil, the carapace in

Lissomartus is medially raised, has some larger tubercles

behind the eyes toward the middle of the carapace, and there is

weakly-defined lateral lobation of the carapace (Dunlop

1995b: Figs. 1^, 7). However, Lissomartus differs from the

new Bohemian arachnid in having a more triangular carapace

profile, in lacking granular cuticle ornament, and in having the

terminal (ninth) tergite divided into median and lateral plates.

In the new fossil, tergite 9 is composed of a single plate only. On
these characters, the new fossil does not fit clearly into

Lissomartidae as it is currently defined, although we suspect

this is where its affinities lie. Our concern would be that

formally including it as a lissomartid cannot presently be

justified by explicit apomorphies and may render the family

paraphyletic with respect to more derived trigonotarbid taxa.

Pending a detailed phylogenetic analysis, we prefer not to create

another monotypic family group at this stage, and we suggest

treating the new genus as being of uncertain family affinities. As

i. im.'

wMlm

Figures 6-7.—Additional specimens assigned to Trigonotarbida

incertae sedis held in the West Bohemian Museum Pilsen. 6.

No M()0759; 7. No M00760. Scale bars = 2 mm.

noted above, with its weakly lobed carapace and light body

ornament it seems to be part of a trigonotarbid lineage that was

approaching the condition of the eophrynid assemblage.

Tynecotarbus tichaveki gen. et sp. nov.

(Figs. 1-5)

Trigonotarbida, Anthracosironidae: Tichavek & Bures

2010:135-136, Figs. 6-7.
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Material.—Holotype and only known specimen, No. M00758,

Department of Palaeontology, West Bohemian Museum Pilsen,

Czech Republic (ex private collection of F. Tichavek).

Type locality and horizon.—Tynec, West Bohemia, Czech

Republic. Pilsen Basin, most probably the roof of the Upper

Radnice Coal, Kladno Formation. Pennsylvanian, Moscov-

ian, Bolsovian substage (= Westphalian C).

Diagnosis,—As for the genus.

Etymology.—In honor of Mr. Frantisek Tichavek, who
discovered the holotype and kindly made it available for study.

Description.—Specimen in dorsal view (Figs. 1 , 2) revealing

carapace, opisthosoma and a partial leg. Cuticle of entire

specimen with fine granular ornament (Fig. 3); average

tubercle size ca. 0.1. Total body length 20.8. Carapace

somewhat kidney-shaped to subtriangular, length 7.6, maxi-

mum width 8.7; slightly rounded anteriorly where it becomes

drawn out into a short, blunt clypeus. Carapace slightly raised

medially in a subtriangular central band; length 5.2; maximum
width basally ca. 2.0. Median eyes faintly preserved toward the

anterior tip of this band. No evidence of lateral eyes. Toward

center of carapace three relatively large tubercles (diameter ca.

0.5) faintly preserved in a medial row (Figs. 2, 4). Margins of

carapace weakly lobed; narrow demarcation lines (Figs. 2, 4)

define three roughly subtriangular areas on each side of the

raised median band. Single, incomplete and poorly preserved

leg occurs on left side; total preserved length 6.0. Fairly

slender; probably encompassing trochanter and femur of leg

IV based on its posterior position, but individual limb articles

barely distinguishable. Ventral features such as mouthparts

and coxosternal region equivocal.

Opisthosoma broadly oval, slightly longer (13.2) than wide

(max. ca. 12.0) and with smooth margins. Cuticle preserved as

dark region centrally on the opisthosoma (better seen under

alcohol immersion). Opisthosoma with nine dorsal tergites

(Fig. 4); the first arched anteriorly into a so-called locking

ridge, which would have tucked under the posterior margin of

the carapace in life (Fig. 5). Visible length in fossil 1.3.

Tergites in anterior part of opisthosoma slightly deformed,

tergites 2-8 divided longitudinally into median and lateral

plates; median plates quite wide and (from anterior to

posterior) become increasingly longer and more procurved

on their midlines. As in many trigonotarbids, tergites 2 and 3

are assumed to be fused into a single (macro )tergite. Circular

feature visible toward back of the opisthosoma possibly the

superimposed ventral pygidium (Fig. 4). Sternites and other

ventral opisthosomal features equivocal. Opisthosoma lacks

marginal spines or other ornament beyond the general

granulation alluded to above.

Trigonotarbida incertae sedis

Figs. 6-7

Description,—No. M00759 (Fig. 6), Department of Palaeon-

tology, West Bohemian Museum Pilsen; ventral opisthosoma

only, almost circular in outline, length 8.0, maximum width 8.3.

Seven sternites plus a circular pygidium (diameter 2) visible and

cuticle with a granular ornament similar to that of No. M00758
(the holotype of Tynecotarhus tichaveki gen. et sp. nov.).

No. M()()76() (Fig. 7), Department of Palaeontology, West

Bohemian Museum Pilsen; ventral opisthosoma only, oval in

outline, length 12.0, maximum width 11.0. Five sternites plus

circular pygidium (diameter 1.5) visible and cuticle locally

preserved. Sparse granulation, unlike No. M00758 (the

holotype of Tynecotarhus tichaveki gen. et sp. nov.) and

No. M00759, with tubercles of larger diameter (ca. 0.5).

Remarks.—The shape of the sternites and presence of a

pygidium on the underside of the opisthosoma allow both of

these fossils to be assigned with some confidence to

Trigonotarbida. They are, however, too incomplete to place

in any particular family or genus.
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Variation and possible function of egg sac coloration in spiders
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Abstract. Coloration of the egg sacs of spiders varies widely to the human eye, both across and within taxonomic groups.

These differences in coloration are expected with differences in the biology and ecology of different species. Here we measure

the spectral properties of the egg sacs of 1 5 species in six families. Ultraviolet chroma, red chroma, and particularly overall

brightness vary widely across and within taxonomic groups. We discuss the spectral properties of the silk of the egg sacs in the

context of the physical characteristics of the silk, the refiective properties of the background, the environmental illumination,

and the natural history and behavior of the spider species. In most cases, the spectral characteristics of the egg sacs seem to

reduce their conspicuousness against the background and in those cases in which the coloration does not reduce the contrast

in relation to the background, the low environmental light available may help to camoutlage the egg sacs.

Keywords: ancestral state, brightness, camoullage, conspicuousness, predator avoidance, red chroma, spectral properties,

UV chroma

The different characteristics of egg sacs in spiders are

thought to have evolved to protect the female’s reproductive

investment in several ways (Gertsch 1949). For instance, the

multiple layers of silk of varying consistency in egg sacs create

and maintain an appropriate internal environment for embryo

development (Hieber 1985, 1992a), and they also serve as a

barrier to prevent some parasites and predators from reaching

the eggs and embryos (Austin 1985; Hieber 1992a,b). Other

features, such as long egg sac pedicels and webs built

exclusively to maintain the egg sac, further reduce access to

the eggs by parasites and predators (Hieber 1992b).

Spider maternal behavior also aids in reducing parasitism and

predation. For example, females of many species (e.g., Tengella

nidiata and theridiids) protect the egg sacs, especially during the

first days after producing them (Bristowe 1958; Barrantes 2008),

when eggs are likely more susceptible to parasitoids. Some
spiders (e.g., lycosids and pisaurids), attach the egg sacs to their

chelicerae or spinnerets until the spiderlings emerge (Foelix

2011). Other spiders camouflage the egg sacs with silk

stabilimenta (Herberstein et al. 2000; Eberhard 2003), pieces of

debris (Barrantes 2007), or wrap egg sacs in a leaf (Moya et al.,

2010) to protect eggs against parasites and predators.

The coloration of egg sacs varies widely, but there is no

information on the pigments responsible for the differences

in color, or on their roles in camouflage. Effectiveness in

camouflage depends on color, shape, and especially the

contrast created by the external layer of the egg sac against

the visual background (Craig 2003). The color of the egg sac

may not affect protection of some spiders that produce and

maintain their egg sacs deep inside burrows or silk tunnels. By

contrast, in species that construct and maintain egg sacs in

more exposed places, the coloration of the external layer may
reduce conspicuousness and provide additional camouflage

(e.g., many Theridiidae, Nielsen 1932). Two possible questions

to address in relation to the spectral properties of the egg sacs

are the following. 1 ) Does coloration of egg sacs relate to their

level of exposure? 2) Is the color of the egg sac associated with

the spider’s taxonomic (phylogenetic) group?

With few exceptions, the web silk of most spiders is
;

unpigmented (Craig et al. 1994; Craig 2003). Nephila clavipes

is one of the few species that adds yellow pigment to its silk

web (Craig et al. 1996), although the origin of this pigment

is unknown. There is a subtle variation in the color of web
silk among webs of N. clavipes, with more intense yellow

correlating with greater light in the environment in which the

spider constructs its web (Craig et al. 1996). On the other

hand, the color of the silk used by spiders to construct the

external layer of their egg sacs varies widely, at least to the
|

human eye, among species within a given family and among
I

families. In this study we objectively quantify the colors of the
j

silk cocoon from 15 species of spiders in six families, and
j

discuss their potential ecological roles.
I

METHODS
We photographed and measured the reflectance of field-

collected egg sacs of 15 spider species (Table 1) deposited in
|

the collection of the Museo de Zoologia, Universidad de Costa

Rica, San Jose, Costa Rica in 2012. We measured from one to

five egg sacs per species according to their availability in the

collection (Table 2). All egg sacs were collected after the i

spiderlings emerged, and were kept in dry vials in the dark
||

until measurements were conducted.
j

We photographed the egg sacs using a Nikon Coolpix 4500 |l

camera attached to a dissecting microscope in order to show jl

the variation in coloration of the egg sacs as perceived by the
j

human eye. We collected several images of each spider egg sac

under different light conditions and then selected the image

that best matched the color of the egg sac as perceived by two

observers (G. Barrantes and C. Sanchez-Quiros) to display in

Fig. 1.

To obtain silk reflectance measurements, we used an Ocean

Optics USB 2000 spectrometer and a PX-2 flash light source

(Ocean Optics, Dunedin, Florida) connected to a bifurcated

probe (Ocean Optics R400-7-SR). Such a setup allowed us to

obtain all measurements at normal incidence to the reflective

surface. We kept the reflectance probe at a fixed distance of

342
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Table 1.—Characteristics of the habitat and behavior of 15 Costa Rican spider species.

Family/Species Egg sac background

Filistatidae

Kukidcania hibernalis (Hentz 1842) This synanthropic species constructs its web in dark places and retains the egg sacs within a dense

tunnel retreat constructed of silk.

Oxyopidae

Peiicetia viridans (Hentz 1832) Constructs its egg sacs under leaves of herbs and bushes between 0.5 to 1.7 m above the ground in

very exposed locations of early secondary vegetation and forest edges.

Deinopidae

Deinopis sp. Constructs its egg sacs with a silk pedicel ca. 2 cm long, attached to twigs or vines, usually between

0.5 to 2 ni above the ground in understory of mature, old secondary forests, and plantations.

Uloboridae

Zosis genicidata (Olivier 1789) Attaches the egg sacs to its web, which is constructed in dark locations near the forest floor or in buildings.

Theridiosomatidae

Wenddgarda sp. Keyserling 1886 Constructs its egg sac attached by a silk pedicel of approximately 2 cm to leaves or twigs between

0.5 to 1.5 m above the ground, near streams in mature forests.

Theridiidae

Latrodectus hespents Chamberlin

& Ivie 1935

L. geometricus C. L. Koch 1841

L. mirabdis (Holmberg 1876)

Steatoda grossa (C. L. Koch 1838)

Anelosinnis studiosus (Hentz 1850)

A. pacificus Levi 1956

Tidarreii sisyphoides (Walckenaer 1841)

Pamsteatoda tesselata (Keyserling 1884)

P. tepidariorwn (C. L. Koch 1841)

Nesticodes rufipes (Lucas 1846)

Constructs its web under rocks or logs in open areas. The female retains the egg sacs in a silk

tunnel.

Egg sac constructed inside dense silk retreat deep inside web, usually outside buildings, less often

inside.

Constructs its web between rocks (outcrop of large rocks) near the ground (5 to 10 cm above the

ground), egg sac protected underneath rocks.

Constructs its web under stones in dark places of rain forests and under furniture inside buildings,

egg sac attached to the upper sheet in the web.

Builds its web in branches, twigs and leaves of bushes in open areas,egg sac constructed inside the

silk tunnel retreat of the web.

Builds its webs on leaves at tips of twigs of trees in open areas, egg sac built between two leaves.

Builds its web on bushes in open areas, egg sac retained inside retreats constructed of plant debris,

usually pieces of leaves. T. sisyphoides and P. tesselata construct their webs on bushes in open

areas, while P. tepidariorinn builds its web outside buildings.

Similar to T. sisyphoides.

Usually builds its web outside buildings, egg sac often retained inside retreats constructed of plant debris.

This synantropic species constructs web in relatively dark sites and attaches its egg sac to silk

threads at the top of its web, which it places inside buildings.

5 mm from the egg sacs during the measurements, using a

rubber probe holder. This rubber holder also excluded the

external light from the reflectance probe. For each egg sac, we
measured the reflectance properties at five different haphaz-

ardly selected regions. Reflectance measurements were made
relative to that of a diffuse pure white standard (WS-1 Ocean
Optics). Our reflectance analyses were restricted to wave-

lengths from 300 to 700 nm, a range that includes ultraviolet

(UV) through red colors.

Spectral curves for each egg sac were visually inspected by
one of us who had not previously seen the egg sacs or images

of them (P.-P. Bitton), and any measurement that deviated

strongly from the others was removed from further analyses.

We did this, for example, when one spectral curve was clearly

different in shape or overall reflectance from the remaining

four repeated measures. Differences in measurements most
likely occurred when the probe was not placed directly against

the surface of the egg sac when collecting data. We took the

average of the remaining curves and measured color variables

in the consolidated data set. For every egg sac measured, we
determined 1) the brightness as the average reflectance over

the 300-700nm range,

where R, is the percentage reflectance at the ith wavelength (X/)

and n is the number of wavelength intervals), 2) the ultraviolet

(UV) chroma,

;.4Qo /;.70o

;.300 / /.300

and 3) the red chroma.

/.7()0 //.700

7600 / 7300

All measures are described in more detail in Montgomerie

(2006). We elected to describe the spectral refiectance of the

egg sacs with UV and red chroma because most of the

variation among species occurred in these regions. We did not

determine the hue for any of the egg sacs measured because all

spectral curves peaked near 300nm or 700nm, rendering this

common color descriptor uninformative. The spectral data

were manipulated and analyzed using the R package “pavo”
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Table 2.—Silk egg sac color characteristics for 15 species of Costa Rican spiders. Brightness is the average reflectance relative to a white

standard (see methods) over the 300-700nm range. Ultraviolet (UV) chroma and red chroma are the contribution of the 300^00nm range and

600-700nm range, respectively, to the total brightness. Values represent means ± SD obtained from n samples.

Species n Brightness (%) UV chroma {%) Red chroma (%)

Filistatidae

Kiikulccmia hibermdis 2 43.4 ± 9.1 24.2 ± 3.2 26.2 ± 2.4

Deinopidae

Deinopis sp. 5 7.3 ± 0.3 44.3 ± 1.1 24.3 ± 1.7

Uloboridae

Zosis geniciilata 5 32.8 ± 6.5 17.0 ± 0.7 34.6 ± 0.9

Oxyopidae

Peucetia viridans 1 10.8 29.7 31.6

Theridisomatidae

Wendilgarda sp. 1 17.1 21.4 30.3

Theridiidae

Latrodectus hesperus 1 12.4 13.9 32.4

L. geometricus 5 11.7 ± 3.3 14.8 ± 1.7 30.7 ± 1.8

L. mirahilis 2 28.5 ± 1.0 12.8 ± 1.5 27.9 ± 0.9

Steatoda grossa 4 13.3 ± 1.3 25.1 ± 1.6 21 ± 0.5

Anelosimus studiosus 1 16.3 25.2 24.8

A. pacificus 2 47.0 ± 12.7 17.1 ± 2.4 24.1 ± 1.8

Tidarren sisyphoides 5 5.2 ± 0.4 23.7 ± 1.8 35.4 ± 1.1

Parasteatoda tesselata 1 21.0 16.6 35.6

P. tepidariorum 5 10.5 ± 3.7 25.1 ± 4.3 33.3 ± 2.3

Nesticodes rufipes 5 10.0 ± 0.9 15.4 ± 0.5 34.3 ± 1.9

P. viridans •Deinopis sp. Z. geniculata

L. mirabilisL. geometricusWendilgarda sp.

P. tesselata Mariorum N.mfipeS'

K. hmemaiis

L. hesperus

S. grossa A. studiosus T. sisyphoidesA. pacificus

Figure 1.—Egg sacs of 15 species of Costa Rican spiders.
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Figure 2.—Mean spectral curves of silk egg sacs for 15 species of Costa Rican spiders. Percentage reflectance is relative to a pure diffuse white

standard (see methods).

(Maia et al. 2013). Authorities for the scientific names of all 15

species in this study are listed in Table 1.

RESULTS

The silks of the spider egg sacs differed extensively in their

brightness [(mean = 19.1% ± SD = 13.0%), UV chroma
(21.8% ± 8.1%) and red chroma (29.7% ± 4.7%); Table 2].

Within the human visible spectrum, the color of the egg sacs

ranged from almost black (Tidarren sisyphoides: brightness =

5.2%), to pale gray {Kukulcania hihernalis: brightness =

43.4%), with most egg sacs appearing brown (Fig. 1). In 10

of the 15 species, brightness (%) increased with wavelength

(nm) (e.g., Latwdectus spp.: Fig. 2). Several of the egg sacs

that appear brown to the human eye had relatively high UV
chroma (e.g., Peucetia viridans and Deinopis sp.); species

that are sensitive to UV wavelengths would likely be able to

distinguish between brown egg sacs with low and high UV
chroma. In Deinopis sp., the UV wavelengths contributed a

very large portion of the overall brightness (UV chroma =

44.3%) and would appear more “UV” than red to UV-
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sensitive species (red chroma = 24.3%). In contrast, silk of the

egg sacs of the Uloboridae (e.g., Zosis geniculate), the sister

family of Deinopidae, had a low UV reflectance, but high

reflectance toward the red (Fig. 2).

Within the Theridiidae, silk spectral properties were

generally the same across the three Latrodeclus species, the

two Parasteatoda species and Nesticodes rufipes (Table 2). The

brightness of Steatoda grossa was similar to the previous

species but with a relatively high UV chroma, while Tidairen

sisyphoides had a very low brightness (brightness = 5.2%) and

a very high value of red chroma (35.4%). The two species of

Anelosimus were very different from each other (Fig. 2).

Anelosinms studiosus was relatively dark (brightness = 16.3%)

and had very high UV chroma (25.2%), while A. pacificus was

much brighter (brightness = 47%) with a relatively low UV
chroma (17.1%).

DISCUSSION

In this first study of the spectral characteristics of egg sac

silk, we show extensive variation among species in their

brightness and chroma. Of particular interest, much variation

was found in reflectance in the UV range, a characteristic that

is not detectable by the human eye. The silk of the egg sacs of

many spiders had a high reflectance toward the red range,

giving them a brownish appearance, a feature that probably

evolved to reduce the conspicuousness of the egg sacs.

Conspicuousness could be reduced if the colored silk of egg

sacs reflects wavelengths similar to those reflected by the

background, as apparently occurs with the pigmented silk of

Nephila clavipes webs (Craig et al. 1996). In addition, the low

intensity of light in some environments (Endler 1993) allows

red-brownish egg sacs to blend with the surroundings more

readily than uncolored egg sacs. Both of these hypotheses

remain to be tested.

High reflectance in the silk of webs in the UV range is

apparently an ancestral characteristic of spiders (Craig et al.

1994; Bond & Opell 1999). Silk of webs in the suborder

Mygalomorphae, as well as the sticky cribellate silk of basal

Araneomorphae and Deinopoidea (Deinopidae and Ulobor-

idae) have high UV reflectance, while the sticky silk of

Araneoidea species have a flat or low UV reflectance (Craig et

al. 1994). These differences in UV reflectance have been

correlated with the ambient light conditions where spiders of

these groups build their webs (Bond & Opell 1999; Craig

2003). Spiders whose silk web has high UV reflectance

construct their webs in dim environments (Craig et al. 1994;

Bond & Opell 1999; Craig 2003), while webs with low UV
reflectance constructed in light environments are a shared

derived character for Araneoidea (Bond & Opell 1999).

However, many species in Araneoidea also build webs in

dark environments (e.g., Nesticiis in Gertsch 1949 and

Spilasma GB unpublished data) and the silk reflectance

properties of these species remains unexplored.

The UV reflectance of egg sacs does not always match that

of the silk webs of the same spider groups. For instance, UV
reflectance is high in the silk web and egg sacs of Kukidcania

hihenudis (Filistatidae) and Deinopis sp. (Deinopidae) (Craig

et al. 1994; Bond & Opell 1999), and in the egg sacs of Peiicetia

viridans (Oxiopidae). However, in contrast to the silk web of

uloborids (Craig et al. 1994), the UV reflectance in the silk of

egg sacs of Zosis geniculata (Uloboridae) is low. In addition to \

high UV reflectance in the silk of egg sacs of P. viridans and

Deinopis, their silk also has a high reflectance toward the red,

similar to the egg sacs of Z. geniculata. The UV reflectance in

the silk of egg sacs of these species may be an ancestral trait,

similar to the high UV reflectance in their silk web (Bond &
Opell 1999; Craig 2003), although to examine the evolution of

reflectance on the silk of the outer wall of egg sacs would only

be possible with more extensive and comparable data (acini-

form silk). Yet the high red reflectance of egg sacs has

presumably evolved within these families to reduce the visual

contrast of the egg sacs against the background, as they

appear to blend with surrounding structures of similar

coloration. For instance, P. viridans maintain their egg sacs

under leaves of grasses and bushes in forest edges and patches

of secondary vegetation where dead leaves with similar color

to the egg sacs (Fig. IB) are abundant (G. Barrantes I

unpublished data). Deinopis sp. live in dim habitats, and their

egg sacs hang near dead twigs and vines that to the human eye

match the coloration of their egg sacs. Similarly, Uloboridae

(e.g., Z. geniculata) inhabit dim sites (Craig et al. 1994; Bond
& Opell 1999) and the color of their egg sacs vary from yellow

to red-yellow to brown, to purple, to grayish (Opell 1989, GB
unpublished data), probably reducing visual contrast with the

background.

We included two families in the clade Araneoidea in this

study: Theridiosomatidae (Wendilgarda sp.) and Theridiidae

(10 species). The reflectance of the silk of the egg sacs of

Wendilgarda is relatively high in the UV and red, similar to

that of Deinopis and P. viridans. All theridiosomatids inhabit

dense forests. They construct their webs and, in most species,

also their egg sacs near the forest floor (Coddington 1986), the

darkest stratum in the forest. There are some exceptions; for

instance, Wendilgarda construct their webs above the surface

of streams, and their egg sacs are hung near the end of twigs

and leaves of bushes at about 1 m above the ground and near

streams (Coddington 1986; Eberhard 2001; G. Barrantes

unpublished data). Thus the light-brown egg sacs of Wendil-

garda are in brighter environments and may be more exposed

than those of other genera of Theridiosomatidae, which retain

the egg sacs on the web, or hang them on the dense vegetation

of imderstory forests (Coddington 1986). The coloration of

the egg sacs of Wendilgarda possibly reduces their conspicu-

ousness, since plant debris (dead leaves and twigs) with similar

coloration hangs abundantly on understory plants.

Within the family Theridiidae, the spectral properties of egg

sac silk vary widely across species. The pattern of reflectance

of the three Latrodectus species is very similar, particularly L.

geometricus and L. hesperus. In all three species the silk of egg

sacs has a high reflectance toward the red. However, the

reflectance of the silk of the egg sacs of S. grossa, the sister

genus of Latrodectus (Agnarsson 2004), is not saturated in any

of its range, appearing to the human eye as white (Figs. 1 & 2).

Steatoda grossa construct their webs under stones in rain

forests (Levi 1962) or in dark locations inside buildings

(Aisenberg et al. 2011), while all Latrodectus species construct

their webs and egg sacs in protected but bright environments

(though L. geometricus often build their webs and egg sacs

inside buildings). The spectral properties of the egg sacs of the

two species of the genus Anelosimus (A. studiosus and A.
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pacijkus) differ markedly. The silk of the egg sac of A.

studiosus, which is retained inside the silk tunnel web, is

relatively dark with similar UV and red reflectance, while egg

sacs of A. pacificus, in which the adult female positions the egg

sac between two live leaves (Agnarsson et al. 2006), are

brighter and have high red reflectance. The other theridiids

inhabit bright environments and retain their egg sacs, the silk

of which has relatively high red reflectance, within retreats

constructed with plant debris (e.g., pieces of dead leaves:

Triana et al. 2012). Retaining brown-reddish egg sacs inside

close retreats constructed with material with similar coloration

(to the human eye) likely reduces their conspicuousness.

The color (wavelengths) reflected by the silk of the egg sacs

of spiders has likely evolved to reduce their contrast against

their background, thus making their detection more difficult

for parasitoids and predators. However, our research provides

only an understanding of the spectral properties of egg sacs

from a human perspective, but does not indicate how egg sacs

are perceived by other animals (e.g., predators and parasit-

oids). At least two other aspects, the ambient light available

for reflection and the nature of the background, also affect the

perception of the color and thus the conspicuousness of an

object (e.g., egg sac: Thery 2006), independent of the color

vision of predators and/or parasitoids. Hence, even when egg

sacs have, for instance, high UV reflectance, they could be

difficult to detect in low light environments even for those

animals capable of seeing UV light. This is the case for K.

hibernalis whose webs are built in dark locations and the egg

sac retained inside a dense silk tunnel, and also for Deimpis

sp. that construct and leave the egg sacs “unprotected” in the

undergrowth of either dense or relatively clear forests

(Table 1). Zosis geniculata maintains the egg sacs attached

to its web until the emergence of the spiderlings, and the silk of

the egg sacs has a low UV reflectance, in contrast to web silk

of the family (Uloboridae) (Craig et al. 1994; Bond & Opell

1998). This spider inhabits dark environments where webs

may be inconspicuous despite high UV reflectance, and the

low UV reflectance of its egg sacs likely further reduces

conspicuousness. In environments with considerable ambient

light, the brightness of the egg sac silk may also reduce its

conspicuousness. For instance, A. pacificus builds its web and

egg sacs in bright, open environments (Agnarsson et al. 2006);

thus, the high brightness and low UV reflectance of the egg

sacs may reduce its contrast and conspicuousness in open,

bright environments. Other theridiids that inhabit bright

environments produce egg sac silk with low UV reflectance

and reduce the contrast and conspicuousness of their egg sacs

by retaining them inside retreats that to the human eye

resemble the egg sacs in coloration. Though our data are

insufficient to test these hypotheses, they suggest that

evolution of coloration in egg sacs of spiders is affected by

several aspects of their ecology: the physical properties of the

silk that each spider produces, environmental light, and the

behavior and natural history of each spider species.
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No evidence for a relationship between hemolymph ecdysteroid levels and female reproductive behavior in

Schizocosa wolf spiders

Reed M. Stubbendieck, Anthony J. Zera and Eileen A. Hebets': School of Biological Sciences, University of Nebraska,

Lincoln, Nebraska 68588 USA

Abstract. This study used radioimmunoassay (RIA) to explore the relationship between levels of hemolymph ecdysteroids

and female reproductive behavior in Schizocosa wolf spiders. Specifically, we investigated the relationship between

circulating ecdysteroid concentrations in females and 1) likelihood to copulate, or female receptivity [Experiment 1

Schizocosa avicia {Walckenaer 1837)], 2) time post copulation (Experiment 2— Schizocosa rovueri Uetz & Dondale 1979)

and 3) exposure to conspecific male courtship (Experiment 3— Schizocosa iietzi Stratton 1997). In Experiment 1, we

expected higher levels of circulating ecdysteroids in receptive versus unreceptive females, based upon prior research

demonstrating an increase in receptivity following injections of 2()-hydroexyedysone (e.g., Tegeiiaria atrica C.L. Koch

1843). In contrast, we found no relationship between female receptivity and ecdysteroid levels. Our second experiment

compared ecdysteroid levels in mated versus virgin females at three time points following mating trials (24 h, 7 d and 14 d).

We predicted low and constant ecdysteroid levels, independent of both mating status and time post mating trial—our

results support this prediction. Our third experiment explored the relationship between exposure to conspecific courtship

and ecdysteroid levels; again, we found no relationship. Thus, circulating ecdysteroid concentrations were not associated

with any aspect of reproductive biology we explored. However, we found a negative trend between female age post

maturation and circulating ecdysteroid concentration in the species for which we had the greatest age range, consistent with

its role as a molting hormone.

Keywords: 20-hydroxyecdysone, female choice, oogenesis, vitellogenesis

An animal’s behavior is the result of complex interactions

between a variety of internal (e.g., physiological state) and

external (e.g., past environmental conditions) factors. In

arthropods, hormones, in particular juvenile hormone and

ecdysteroids, commonly act as important mediators of such

complex interactions. Previous research focusing on a variety

of arthropod groups demonstrates that hormone levels can

influence aggression, social interactions and dominance status

(American lobster Homarus americanus: Bolingbroke & Kass-

Simon 2001; cockroach Nauphoeta cinerew. Kou et al. 2009;

paper wasps Polistes gallicus: Roseler et al. 1984; bumble bees

Bombus terrestris: Bloch et al. 2000); sexual receptivity

(insects: Ringo 1996); as well as parental care (burying beetles

Nicrophorus spp.: Scott & Panaitof 2004). Eedysteroid-

regulated behaviors are often associated with particular stages

of development. For example, exogenously applied 2()-hydro-

xyeedysone (20E) at late pre-eedysis causes female lobsters to

become more aggressive, which is similar to their natural

premolt behavior (Bolingbroke & Kass-Simon 2001).

Despite the vast amount of knowledge that has been

accumulated regarding the relationship between hormones
and behavior in insects and crustaceans, our knowledge of the

function of hormones in arachnids is relatively limited. Non-
spider arachnid studies have focused mostly upon ticks

(Ixodoidea) (Germond et al 1982; Bouvier et al. 1982) and

opilionids (Opilionidae) (Romer & Gnatzy 1981). Recent

investigations across various spider families have suggested

that ecdysteroids play a role in reproductive physiology and

behavior including regulation of ovarian development and

vitellogenesis (Trabalon et al. 1998, 1992; Pourie & Trabalon

2003), pheromone production and cannibalistic interactions

' Corresponding Author. E-mail: Ehebets2@unl.edu

(Trabalon et al. 1998, 2005) and sexual receptivity (Trabalon

et al. 2005). To date, ecdysteroids have been studied in only a

handful of spider species: e.g., Coelotes terrestris (Wider 1834);

Tegeiiaria domestica (Clerck 1757) (Trabalon et al. 1992);

Pisaura mirahilis (Clerck 1757) (Bonnaric and De Reggi 1977);

T. atrica (C.L. Koch 1837) (Trabalon et al. 1998) and

Braehvpelma alhopilusiini Valerio 1980 (Trabalon & Blais

2012 ).’

Here we quantify hemolymph ecdysteroid levels in Schizo-

cosa wolf spiders. The adult morphology and associated

courtship behavior of male Schizocosa vary widely and are

often complex, containing both visual ornaments and move-

ments as well as seismic courtship components (reviewed in

Stratton 2005; Framenau & Hebets 2007; Vaccaro et al. 2010;

Hebets et al. 2013). This genus has been at the forefront of

studies of sexual selection via female mate choice, secondary

sexual trait evolution and function, and complex signaling

(reviewed in Uetz & Roberts 2002; Hebets et al. 2011, 2013;

Rundus et al. 2011). Information gained regarding putative

mechanistic underpinnings of female reproductive behavior

would add significantly to our knowledge of basic reproduc-

tive physiology in this well-studied system. Additionally, the

genus Schizocosa encompasses one of the first arthropod

species for which an effect of subadult experience on

subsequent mate choice behavior has been demonstrated

(Hebets 2003; Hebets & Vink 2007), making species in the

genus a good choice for studies addressing potential effects of

female experience on reproductive behavior and physiology.

We used three species of Schizocosa readily available to us

in the laboratory [Schizocosa avida (Walckenaer 1837), S.

rovueri Uetz & Dondale 1979 and S. iictzi Stratton 1997] to

investigate the relationship between hemolymph ecdysteroid

levels and female reproductive behavior and experience. Our

349
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Table 1.—Collection information for Schizocosa species.

Collection Sites Collection Time GPS Coordinates

S. avida Lancaster CO, NE USA June & July 2007 & 2008 40.749, -96.817

S. rovneri Lafeyette CO, MS USA 10-11 April 2010 34.431, -89.706

S. iietzi Lafeyette CO, MS USA 21-22 May 2007 34.431, -89.706

first experiment tested the hypothesis that female receptivity is

associated with heightened levels of hemolymph ecdysteroids.

Our second experiment tested the hypothesis that hemolymph
ecdysteroids remain stable following copulation, despite the

likely transition from pre-vitellogenesis to vitellogenesis.

Finally, our third experiment explored the possibility that

exposure to conspecific male courtship influences hemolymph
ecdysteroid levels.

Our first experiment builds upon prior work in other spider

groups. Ecdysteroid levels are known to increase sharply in

females following their final maturational molt; in C. terrestris

and T. domestica, this happens 10-30 days post maturation

(Trabalon et al. 1992). This increase in hemolymph ecdyster-

oids coincides with the transition between the pre-vitellogeneic

and early vitellogeneic phase of oocyte development in virgin

females (Trabalon et al. 1992, 1998). This natural increase may
also coincide with increased female receptivity, as some

females exhibit peak receptivity at ~ 3 weeks post maturation

(e.g., Schizocosa ocreata (Hentz 1844): Uetz & Norton 2007).

Additionally, prior hormone manipulation work is consistent

with the hypothesis that an increase in receptivity is associated

with increased ecdysteroid levels. Following an injection of

20E in T. atricu, females showed an increase in the frequency

of sexual receptivity (Trabalon et al. 2005).

Our second experiment aimed to examine the influence of

mating on ecdysteroid levels by quantifying hemolymph
ecdysteroid levels at various time points post-copulation. We
predicted that ecdysteroid levels would be relatively low in

mated females and would be independent of time post mating

(i.e., levels would remain stable). The maturation of ovaries in

spiders occurs in three phases: 1) a pre-vitellogenic phase, 2) a

vitellogenic phase, and 3) a post-vitellogenic phase (Andre and

Rouiller 1957; Sotelo and Trujillo-Cenoz 1957; Trabalon et al.

1992), with six distinct stages described (Trabalon et al. 1992).

Late vitellogenesis and post-vitellogenesis (stages 5-6) have

only been observed in mated females and appear to be

associated with relatively low and constant hemolymph
ecdysteroid levels (Trabalon et al. 1992), and the highest

levels of hemolymph ecdysteroids are found in virgin versus

mated females (Trabalon et al. 1998).

Our final experiment builds upon previous behavioral work
showing that the mate choice of Schizocosa females can be

altered after exposure to courtship advances from conspecific

males (Hebets 2003, Hebets & Vink 2007). Schizocosa iietzi

was chosen as the focal species for the third experiment, since

it is in this species that an effect of subadult experience on

adult mate choice was first demonstrated (Hebets 2003). Given

the previously demonstrated effect of exogenously injected

20E on sexual receptivity in T. atrica (Trabalon et al. 2005), we
hypothesized that variation in ecdysteroids underlies this

previously observed mate choice preference. If so, we
predicted that females exposed to male courtship would have

higher levels of hemolymph ecdysteroids than unexposed

females.

METHODS
General methods.—All spiders were collected as subadults

(Table 1) and were housed individually in visually isolated

plastic containers placed together in large plastic tubs filled

with water (see Rundus et al. 2011). Spiders were provided

crickets {Acheta domesticus) twice a week. To the best of our

knowledge, all three species of Schizocosa used in this study

have a one-year life cycle with maturation molts occurring in

late spring/early summer. Egg sacs are laid in mid-summer and

overwintering occurs at the juvenile stages.

Experiment 1: Female receptivity and ecdysteroids {Schizo-

cosa avida).—We chose S. avida as the focal species for this

first experiment as it is a relatively large species within the

genus (Dondale & Redner 1978), which enabled us to take

hemolymph samples from individuals prior to mating trials.

All individuals survived our collection technique. This was

important because our aim was to examine the relationship

between ecdysteroid levels and subsequent likelihood to

copulate. This species was locally abundant and thus readily

available. Twenty-eight mature female S. avida spiders ranging

in age from 3-35 days post-maturation (mean ± SE = 21.9 ±
I. 89) were used in receptivity trials. We purposefully included

a wide range of ages to examine age-related variation in

ecdysteroid levels simultaneously. Eemales were weighed two

days prior to receptivity trials, hemolymph was collected via

bleeding (see “Hemolymph Collection”) and individuals were

returned to their containers. After two days of recovery,

females did not display any noticeable aberrant behaviors.

Females were placed in a circular plastic arena (radius:

II. 5 cm, height: 7.5 cm) two days post bleeding and were

allowed to acclimate and lay silk on a piece of filter paper

lining the bottom of the arena. After 2 h of acclimation, a

mature conspecific male was introduced. Females and males

were only used once. Each pair was allowed to interact for

30 min. We recorded the presence or absence of copulation.

Experiment 2: Time post-copulation and ecdysteroids {Schi-

zocosa rovneri).—Fifty-eight mature virgin female S. rovneri

ranging in age from 10-39 days post maturation (mean ± SE
= 21.4 ± 0.96) were used in mating trials with mature virgin

conspecific males. We had no a priori reason to use S. rovneri

for this experiment, but took advantage of their availability in

the laboratory due to other ongoing studies. Individual males

and females were only used once. Our design enabled us to

determine whether hemolymph ecdysteroid levels would

change following copulation, as we compared these levels

between mated and unmated females at three time points post

mating trials (and thus, post copulation for mated females).

Mating trials were run in circular arenas exactly as in

Experiment 1. If copulation occurred, the pair was left
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undisturbed until it ended. If no copulation occurred, the

female was returned to her home container. We collected

hemolymph from females (mated and unmated) at three

randomly assigned time points following mating trials: 24 h,

7 d or 14 d. We collected hemolymph only once from each

female. All females were weighed before bleeding and bleeding

occurred at the same time of day as the original mating trials

±2 h (see “Hemolymph Collection”).

Of the 58 females used in this experiment, 29 copulated. We
collected hemolymph from 15 females at 24 h post mating trial

(copulation = 5, no copulation = 10); from 17 females at 7 d

post mating trial (copulation = 8, no copulation = 9) and

from 26 females at 14 d post mating trial (copulation = 16, no

copulation = 10).

Experiment 3: Courtship exposure and ecdysteroids {Schizo-

cosa uetzi)-—To explore the relationship between exposure to

male courtship and hemolymph ecdysteroids, we compared

ecdysteroid levels of virgin females exposed versus unexposed

to male courtship. Since subadult female S. uetzi respond to

exposure to conspecific male courtship (Hebets 2003), we
chose this as our focal species. Forty-six mature females

ranging in age from 35-55 days post maturation molt (mean ±
SE = 42.9 ± 0.69) were used.

Females were assigned to one of two treatments: 1 ) exposure

to conspecific male courtship (exposed; n — 30) or 2) no

exposure to conspecific male courtship (unexposed; ti = 16).

At the start of a trial, a female was allowed to acclimate for

15 min in a plastic arena (8.8 cm X 8.8 cm X 11 cm) lined with

filter paper to enable seismic cue transmission. The arena had

its sides covered with masking tape to provide visual isolation

from the surrounding room. For exposed females, following

the acclimation period a thin circular transparent acetate

barrier (radius: 3 cm, height: 5 cm) was lowered around the

female, enclosing her in the center of the larger arena. A
mature conspecific male was then placed in the surrounding

arena, and the pair was observed for 30 min. During this

period females were exposed to male visual and seismic

courtship signals, but could not contact the males. For

unexposed females, an identical thin transparent acetate

barrier was lowered after the 15 min acclimation period,

enclosing the female for 30 min, but no male was introduced in

the larger arena. Females were bled immediately following

their trial; no more than 5 min passed between trial ending and

hemolymph collection (see “Hemolymph Collection”).

Hemolymph collection.—Each spider was weighed and

placed in a quart-sized Ziploc plastic bag that had one corner

cut. Spiders were positioned in the bag such that one leg could

protrude through the opening in the cut corner. This leg was
then cut in the middle of the femur and hemolymph was

collected in glass micropipettes. If 10 pL could not be obtained

from the first cut, a second leg was cut. In some cases less than

10 pL of hemolymph were collected. Hemolymph samples

were blown into microcentrifuge tubes containing 300 pL of

90% methanol. Tubes were vortexed for ~5 s and stored in a

-20 °C freezer until ecdysteroids were assayed.

Radioimmunoassay analysis.—Total ecdysteroid concentra-

tion was estimated from three replicates of each hemolymph
sample using a standard radioimmunoassay similar to that

described in Zera and Bottsford (2001). 20E was used as the

standard. Briefly, a small sample of hemolymph extract or

ecdysteroid standard was added to a test tube, solvent was

evaporated under a gentle stream of nitrogen and 100 pL of

diluted anti-ecdysteroid polyclonal antiserum in 0.1 M borate

buffer containing 75 mM NaCl (pH 8.3) was added. The

antiserum had been produced in the laboratory of W. E.

Bollinbacher (University of North Carolina, Chapel Hill) and

was provided by E. S. Chang (Bodega Marine Laboratory,

Bodega Bay, California). Subsequently, 5000 CPM ecdysone

(Ecdysone a-[23,24-^H(N)], PerkinElmer Inc., Boston, MA) in

100 pL borate buffer was added. Tubes were vortexed for ~5 s

and incubated overnight at 4 °C.

The next day, 50 pL of a 10 mg/mL bovine gamma globulin

solution (co-precipitant) in borate buffer was added to each

tube, followed by 250 pL of saturated aqueous ammonium
sulfate ((NH4)2S04) to precipitate the antibody-ecdysteroid

complex. Tubes were vortexed for ~5 s, incubated on ice for

30 min and centrifuged at 5000 RPM for 10 min at 4 °C. The

supernatant was removed and 250 pL of 50% saturated

(NH4)2S04 in borate buffer was added to each tube, which

was vortexed and centrifuged as above. Both sets of

supernatants were discarded and the pellets (containing

antibody plus bound ecdysteroid) were dissolved in 500 pL
of borate buffer, transferred to plastic scintillation vials and

counted on a 1450 MicroBeta TriLux Liquid Scintillation

Counter (PerkinElmer, Boston, MA). Ecdysteroid concentra-

tions in hemolymph samples were estimated by standard non-

linear regression using Prism GraphPad Version 4. Standard

curves were constructed from the following 20E masses (0.02,

0.07, 0.2, 0.7 and 2 ng), all of which gave r values greater than

0.99 with the exception of one at r“ = 0.9661. Back

calculations were used to determine the ecdysteroid concen-

tration from the interpolated masses in hemolymph samples

based on standard curves generated during each assay.

Statistical analyses.—For all three experiments we examined

the relationship between our predictor variables (treatment

and age) and the response variable (measured concentration of

ecdysteroids), using least squares regression analyses. In all

instances we first ran a full model with all possible interactions

and included female weight as a predictor variable. We found

no significant interactions and no effect of female weight and

thus we report only our reduced models. All analyses were

conducted in JMP (Version 8). To conform to assumptions of

normality, we used a natural log (In) transformation of our

response variable, ecdysteroid concentration.

Eflect sizes were calculated using from the P-values ofour models

with the following website: http://www.campbellcollaboration.

org/resources/efrect_size_input.php.

RESULTS

None of our least squares regression models were signifi-

cant. Receptivity did not predict ecdysteroid levels in S. avida

(T3.21 = 1.84, P = 0.17, Fig. 1). Neither mating status

(copulated vs. virgin), time post mating trial, nor an

interaction between the two, predicted ecdysteroid levels in

S. wviieri {F(, s\
= 0.72, P = 0.64, Fig. 2). Experience with a

conspecific male in S. uetzi had no influence on hemolymph
ecdysteroid levels (F3 42 = 0.64, P = 0.59, Fig. 3). Ultimately,

we found no evidence of a relationship between our measured

concentration of ecdysteroids in the hemolymph and any of

our examined aspects of reproductive behavior. Details of
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Figure 3.—Hemolymph ecdysteroid concentrations in S. uetzi

females exposed or unexposed to conspccific male courtship. There

was no significant difference in ecdysteroid concentration between

courtship treatment (exposed versus unexposed) (P = 0.37), age (P =

0.85), or the interaction of these variables (P = 0.41).

each of our models can be seen in Table 2. Younger S. avida

females had ecdysteroid levels that were nearly significantly

higher than those of older females (see Table 2; r = 0.20, P =

0.05, Fig. 1 ). A single female appeared to be largely

responsible for this near significance (Fig. 1 ).

DISCUSSION

This study reports the first naturally occurring levels of

ecdysteroids in the hemolymph of Schizocosa wolf spiders.

Observed levels were comparable to concentrations detected

previously using enzyme immunoassay in adult spiders of

Tegeiuiria donieslica (0.00441 0.01767 ng/pL), Coeloles tcrres-

tvis (0.00071 0.02528 ng/pL) (Trabalon et al. 1992), Tegeiuiria

atrica (0.00747-0.01345 ng/pL) (Trabalon et al. 1998) and

24 hours 7 days 14 days

Time (Days Post Mating Trial)

Figure 2.—Comparison of liemolymph ecdysteroid concentrations

in S. rovneri mated versus unmated females at 24 h, 7 d and 14 d after

mating trials. The bars represent the average hemolymph ecdysteroid

concentration, and the error bars represent the standard error. There

was no significant difference in ecdysteroid concentration between

mated and unmated females {P = 0.21) or time post trial (P = 0.1 1).

The numbers above the bars indicate sample sizes.

Brae/iypelnui alhopilosuni (females: 0.00744 ng/pL, males:

0.01122 ng/pL) (Trabalon & Blais 2012). We found no

relationship between ecdysteroids and reproductive behavior

in the Schizocosa species tested. Specifically, we found no

relationship with 1 ) likelihood to copulate (i.e., female

receptivity) (Exp. 1 - Schizocosa avida); 2) time post

copulation (Exp. 2 - Schizocosa rovneri) or 3) female exposure

to conspecific courtship (Exp. 3 - Schizocosa uetzi). Our
calculated effect sizes (denoted r. Table 2) were not particu-

larly large, indicating that our lack of significance was

probably not attributable to low sample sizes.

In our first experiment, we predicted higher levels of

hemolymph ecdysteroids in receptive versus unreceptive

S. avida females, but we found no indication that receptivity

was a good predictor of hemolymph ecdysteroid levels. Our
expectations were based upon prior work in other spiders

showing high ecdysteroid levels 10-30 days post maturation

and in 20 day old virgin females (Trabalon et al. 1992, 1998)

—

a time during which Schizocosa females are known to show

peak receptivity (Uetz & Norton 2007). In contrast to our

prediction, our results indicate a trend towards an immediate

decrease in hemolymph ecdysteroids following maturation

(Fig. 1), consistent with a role in molting. Regardless, we did

not detect a surge in hemolymph ecdysteroids in virgin females

10-30 days post maturation. It is important to note that in

addition to the fact that Schizocosa wolf spiders (Family

Lycosidae) are not close relatives of the previously studied

spider species (e.g., Coelotes, Family Amaurobiidae; Tegen-

aria. Family Agelenidae), the method of collecting hemolymph

samples also varied across studies. In C. terrestris, T.

doinestica, and T. atrica, hemolymph was collected from the

thorax with glass microcapillary tubes. In contrast, our

hemolymph (present study) was collected in glass microcapil-

lary tubes from clipped walking legs. Given the proximity of

the hemolymph collection site in the prior studies to the

central nervous system of the spider, it is possible that

ecdysteroid levels in the prosoma (a potential location for
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Table 2.—Mean hemolymph ecdysteroid levels for all species and results of least squares regression models. Experiment 1 compared

ecdysteroid levels between females that did and did not copulate. Experiment 2 compared ecdysteroid levels between females that did and did not

copulate across time points. Experiment 3 compared ecdysteroid levels between females exposed and unexposed to male courtship.

Experiment

Ecdysteroid Mean ±
(ng/pL)

SE
Effect F Ratio P value r Cl

Exp. I [S. avida) 0.04 ± 0.003 Female age 4.29 0.05 0.39 -0.003-0.66

Copulation (yes/no) 0.01 0.91 0.02 0.37-0.42

Age * Copulation 0.73 0.4 0.18 -0.24 0.53

Exp. 2 (5. rovneri) 0.042 ± 003 Female age 0.49 0.49 0.09 -0.17-0.34

Copulation (yes/no) 2.48 0.12 0.21 -0.05 0.44

Time Treatment 0.85 0.43 0.11 -0.16-0.35

Exp. 3 {S. uetzi) 0.027 ± 0.002.5 Female age 0.035 0.85 0.03 -0.26-0.32

Courtship Treatment 0.82 0.37 0.14 -0.16-0.41

Age * Courtship 0.69 0.41 0.12 -0.17-0.40

ecdysteroid synthesis) are not equivalent to levels circulating in

the walking legs. Additionally, although prior work in other

species clearly demonstrated an increase in ecdysteroid concen-

trations 10-30 days post maturation, this was correlated with

timing of oocyte development, specifically with the transition

between pre-vitellogenesis and early vitellogenesis (see below).

In Schizocosa, the timing of this transition is currently

unknown. Finally, the strongest evidence for a link between

receptivity and ecdysteroid levels comes from a hormone
manipulation study. In T. atrica, females were injected with

2 ng of 20E in 1 pL of Ringer’s solution and showed an increase

in receptivity. Such a concentration was expected to result in a

hemolymph concentration of 0.5 ng/pL, which is much higher

than that found in unmanipulated individuals (Trabalon et al.

2005). This large dose of hormone was presumed necessary, as

20E is rapidly degraded in other spiders (Connat et al. 1988).

However, the unnaturally high hormone dose administered

may have caused the observed behavioral changes in these

spiders. Incidental (non-physiological) side-effects of hormone
injection are not uncommon in hormone studies of inverte-

brates (Zera 2007). Given the results of the previous hormone
manipulation study and the suggestion of a relationship

between 20E and receptivity in T. atrica, this species would be

ideal for directly testing the hypothesis that circulating

ecdysteroid levels are correlated with receptivity behavior.

In spiders, vitellogenesis does not occur until females have

copulated, yet Pourie & Trabalon (2003) were able to induce

vitellogenesis in virgin females through injections of 20E,

suggesting its role in vitellogenesis. However, all assays of

hemolymph ecdysteroid levels in mated females indicate that

ecdysteroid levels are constant and low following copulation

(Trabalon et al. 1992, 1998). The results of our second

experiment are consistent with these earlier findings, as our

measured ecdysteroid levels in S. rovneri did not vary

according to their mating status (mated versus virgin), their

time post mating trial (24 h, 7 d, 14 d) or an interaction

between the two (Fig. 2). One potential explanation for these

results is that ecdysteroids are not involved in vitellogenesis in

these spiders. This would not be unprecedented, as not all

insects use ecdysteroids to initiate vitellogenesis [e.g., lubber

grasshopper Romalea microptera (Hatle et al. 2003); cock-

roach Leucophaea maclerae (Engelmann 2002)]. Alternatively,

and potentially more likely, levels of ecdysteroids circulating

in the hemolymph of the walking legs may not be the most

relevant measures for their role in vitellogenesis. In insects.

ecdysteroidogenesis occurs in the gonads, and in non-insect

arthropods this process occurs in specialized tissues or organs

(e.g., the Y-organ in crustaceans) and ecdysteroids are

trafficked to the gonad via lipoproteins such as vitellogenin

(Brown et al 2009). Thus, measurement of ovarian 20E
concentrations may reveal differences between mated and

non-mated females.

Finally, our last experiment was an exploratory endeavor to

determine whether there might be a relationship between a

female’s prior experience with a courting conspecific male and

ecdysteroid levels. Given that we found no relationship

between female receptivity and ecdysteroid levels (Exp. 1), it

is not surprising that we similarly failed to find a relationship

in this third experiment (Fig. 3). Arguably, our exposures were

conducted on relatively old mature virgin females so the

possibility remains that exposure earlier in life infiuences

ecdysteroid levels. Further, our assays focused solely on

ecdysteroid levels in the hemolymph and, as above, the

possibility remains that concentration changes take place in

specific tissues or organs, such as the ovary.

Early investigations in spiders implicated ecdysteroids as

molting hormones (reviewed in Krishnakumaran & Schneider-

man 1970; Bonaric & Reggi 1977; Bonaric 1987), and our

results are consistent with this function. In many arthropod

groups, the level of 20E is known to tiuctuate over a molt cycle

in a predictable pattern [e.g., crustaceans: shore crab Carciinis

niaeaas (Styrishave et al. 2008); prawn Macrohrachiuta

ro.seiibergii (Okumura & Aida 2000); isopod (ArinadillUlium

vulgare) Suzuki et al. 1996; lobster, Honutrus aniericaiuis

Synder & Chang 1991); several orders of insects: termite

Coptotenues formosaaus: Isoptera (Raina et al. 2008); beetle

Zophohas alratus: Coleoptera (Delbecque et al. 1997); fruit fly

Drosophila niclaiiogasfcr: Diptera (Handler 1982); arachnids:

tick Oruithodoros inouhata (Germond et al. 1982); spiders

Pisaura mirahdis (Bonaric & Reggi 1977; Bonaric 1987).

Typically, ecdysis, or the final shedding of the cuticle, occurs

shortly after 20E concentration begins to decrease from its

peak concentration, ultimately returning to its baseline level.

This is a similar pattern to what we observed in S. avida. the

only species for which we have data on females immediately

following their maturation molt.

In summary, we quantified the concentration of ecdyster-

oids in three species oi' Schizocosa wolf spiders encompassing a

variety of reproductive behaviors. We found no evidence for a

relationship between hemolymph ecdysteroid levels and
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female reproductive behavior. Given that ecdysteroid synthe-

sis and secretion are often organ-specific in other arthropod

groups, however, it is possible that our measures of circulating

hemolymph ecdysteroids did not capture ecdysteroid concen-

trations pertinent to our focal reproductive behavior. Our
results are consistent with ecdysteroids acting as the molting

hormone in these spiders, but suggest that circulating levels do

not act significantly in female mating behavior or reproductive

physiology.
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Richness and composition of spiders in urban green spaces in Toledo, Ohio

Leigh C. Moorhead’ and Stacy M. Philpott-: Department of Environmental Sciences, University of Toledo, 2801 W.
Bancroft St., Toledo, Ohio 43606-3390 USA. E-mail: lmoorhea@utk.edu

Abstract. Urbanization negatively affects biodiversity by increasing disturbance and habitat fragmentation. We compared

three different urban habitats (vacant lots, gardens and forests) to examine differences in spider communities. We selected

four sites of each habitat type and sampled spiders with pitfall traps. We collected a total of 547 individuals from 19

families. The most common families were Lycosidae, Corinnidae, Liocranidae, Cybaeidae, and Dictynidae. Spider activity-

density overall and for males and females was higher in vacant lots than in forests, and female spiders had greater activity-

density in gardens than in forests. Observed species richness did not differ with habitat type. Spider family composition

differed significantly between urban habitat types, female morphospecies composition differed in forests and gardens and

male morphospecies composition differed in forests and lots. The site characteristics differed significantly with habitat, and

these habitat differences explained a large fraction (53.3% to 90.9%) of the variation in composition and richness. Yet, bare

ground was the only factor that significantly correlated with declines in female richness. Thus, spider communities, aspects

of specifically activity-density and composition, differ between habitats in urban green spaces with potentially important

implications for conservation and trophic interactions within urban areas.

Keywords: Araneae, biodiversity, habitat fragmentation, urbanization

Urbanization leads to habitat loss and fragmentation, both

serious threats to biodiversity. Along with the spread of

invasive species, habitat loss is considered the greatest threat

to biodiversity (Wilcove et al. 1998). Currently, 3 billion

people, 48% of the world’s human population, live in urban

settings, and urban population size is projected to reach 6

billion (a 200% increase) by 2030, while rural populations are

projected to decrease by only 3% (United Nations Informa-

tion Service 2004). With this projected doubling of urban

population an even greater proportion of land will become

fragmented. Wildlife has responded to urbanization and

fragmentation by adapting, moving, or experiencing popula-

tion crashes (Markovchick-Nicholls et al. 2008). Although

other human activities, such as road building and development

of infrastructure fragment habitat, urban development results

in local mass extinctions, leading to elimination of many
native species (McKinney 2002).

Until recently, the importance of urban habitats for

arthropod communities was largely ignored (Miller & Hobbs
2002). However, some studies examined urban to rural

gradients as early as 1998, finding that overall carabid beetle

diversity did not decline with increasing urbanization along

a forested habitat (Magura et al. 201()a). A recent surge of

studies has investigated how differences among urban habitat

types, differences along an urban to rural gradient, and the

landscape in which urban habitats are embedded, affect

different arthropod communities (e.g.. Turner et al. 2004;

Carpaneto et al. 2005; Shochat et al. 2006; Elek & Lovei 2007;

Pacheco & Vasconcelos 2007; McKinney 2008; Christie &
Hochuli 2009; Uno et al. 2010; Fattorini 2011; Tothmeresz et

al. 201 1 ). Most studies have examined arthropod communities
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University of Tennessee: Knoxville, 1416 Circle Dr., Knoxville,

Tennessee 37996-1610 USA.
-Current Address. Environmental Studies Department, University

of California, Santa Cruz, 1156 High Street, Santa Cruz, California
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across rural-urban gradients (Vilisics et al. 2007; Hornung
et al. 2007; Tonietto et al. 2011; Varet et al. 2011), but

relatively few have compared arthropod communities in more

than one habitat type exclusively within urban settings

(Yamaguchi 2004; Rango 2005; Sadler et al. 2006; Smith et

al. 2006; Thompson & McLachlan 2007; Cardenas & Buddie

2009; Uno et al. 2010). As such, there is still a need for more

invertebrate studies from within cities.

Spiders are important predatory arthropods and are

excellent indicators of habitat modifications and disturbance.

Spider communities have been well examined in forest

ecosystems (Miyashita et al. 1998; Dias et al. 2006), in

agricultural settings (Riechert & Bishop 1990; Landis et al.

2000; McIntyre 2000; Oberg 2007) and on islands (e.g.,

Schoener & Spiller 2006), and it is evident that both natural

and human disturbances strongly affect spider abundance

and richness. Spiders are also affected by changes in habitat

structure including changes to plant richness, architecture, and

plant density (Wise 1993). Shochat et al. (2004) found that

although spider abundance increased in disturbed areas, spider

diversity decreased. They related these changes to the

increased abundance of Lycosidae and Linyphiidae individu-

als in more disturbed and highly productive habitats,

contrasting with the drastic decreases in abundance of

Clubonidae and Oxyopidae, and thus suggest that rarer

species are more susceptible to habitat disturbance. Because

spiders are abundant and dominant predators, Shochat et al.

(2004) predicted that spiders should be strongly influenced by

habitat fragmentation and other anthropogenic changes such

as urbanization. In support, a study by Magura et al. (2010b)

found that spider diversity increased in disturbed areas due

to increased alteration of habitat, leading to a wider variety

of niches and, consequently, spider diversity. In contrast,

Alaruikka et al. (2002) investigated changes in spider

abundance and richness along an urban to rural gradient in

Finland, but did not find any significant differences.

Nonetheless, potential losses of spider diversity and changes

in species composition with urbanization may have practical
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Figure 1.—Location of urban study sites in Toledo, Ohio. Sites sampled included natural forests (F), community gardens (G) and vacant

lots (V).

importance in urban habitats because spiders are natural

predators and valuable as naturally occurring pest control

agents (Marc et al. 1999).

We examined spider activity-density (a measure of both

abundance within a habitat and degree of movement), species

richness and species composition in three different habitat

types in an urban area. Specifically, we examined spider

communities collected from community gardens, vacant lots

and small forest fragments across a four-month period to

examine 1) differences in richness, activity-density, and

composition of ground-dwelling spiders in different urban

habitat types; 2) differences in richness, activity-density, and

composition of ground-dwelling spiders in different sample

months and 3) the specific habitat characteristics that correlate

with changes in spider communities in urban habitats. Based

on previous studies of spiders in urban and agricultural

habitats, we hypothesized that gardens and lots would have

higher spider activity-density and lower richness than forest

fragments.

METHODS
Study sites.- We conducted our study in Toledo, Ohio

(41°39'56"N, 83°34"3rW), a city with a population of 295,614

that covers roughly 208 km" (United States Census Bureau

2006-2008). We sampled spiders in three urban habitat types:

community gardens (gardens), vacant lots (lots), and forest

fragments (forests). We established four replicate sites of each

habitat type distributed throughout the city for a total of 12

study sites (Fig. 1). Study sites were located between 0.5-

13.1 km apart, with no significant difference in the mean
distance between gardens (5.8 ± 1.9 km (SE)), lots (3.9 ±
0.8 km) and forests (7.7 ± 1.1 km) (^2.15 = 2.0, P = 0.18).

Sites were chosen to be as similar as possible in terms of the

surrounding landscape condition and the habitat extent (e.g.

patch size). The forest fragments were located within Toledo

City Parks, and ranged from 30,750-85,000 m“. Gardens were

all facilitated by an urban gardening outreach program,

Toledo Grows of the Toledo Botanical Garden, had been in

vegetable production for at least five years prior to the study,

and were between 420-2688 m". The vacant lots ranged in size

from 1299-8262 m", were all managed (and owned) by the city

of Toledo and were vacant for at least nine years prior to the

study. Vacant lots are a significant habitat type in Toledo,

with more than 1000 vacant lots distributed throughout the

city (Uno et al. 2010).

Spider sampling and identification. We sampled spiders

with pitfall traps. At each site, we placed 6 pitfall traps in a 5

X 10 m grid with traps placed 5 m apart. The traps consisted

of two 473mL ( 1 6 oz.) cups, 1 1 .4 cm in diameter and 7.6 cm in

depth. One cup was a placeholder put just below ground level

and sealed when not in use. Inside these cups we placed a

second cup, fiiish with the surface to capture ground-dwelling

arthropods. During trap days, we placed 200 ml of a saturated

saline solution with a small amount of detergent to break

surface tension in the cups. We then placed green plastic plates

held up with small nails over the traps (~ 8 cm above ground

level) to exclude rainwater. Every month from May to August,

traps were left open for three days. Trap dates during 2007

were as follows: May 6-10, June 4-7, July 2-5, and July 30-

August 2. Within each site, we placed traps toward the center

of the habitat patch to limit edge effects. After three days, we
retrieved the traps, rinsed the contents with deionized water to

remove the salt solution and stored arthropods in 70% ethyl

alcohol. During non-trap days, traps remained in the exact

same locations within the soil, and we covered all traps with

Tupperware lids when not in use.

We first sorted arthropods in order to separate the spiders

from the collection. Then we identified spiders to family using

Ubick et al. (2005) and Bradley (2004). We then sorted all

adult spiders to genus where possible, and, subsequently, to
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morphospecies. Identification to at least the family level allows

for comparison between different habitats (Shochat et al.

2004). We recorded sex for each spider and only included adult

spiders in data analyses. We stored specimens in 70% ethyl

alcohol. Specimens are now stored at the Environmental

Studies Department at the University of California, Santa

Cruz.

Habitat characteristics.—We quantified 24 site characteris-

tics of the urban habitats surrounding the pitfall traps at three

spatial scales. We first measured the extent of habitat patch

(e.g., contiguous garden, lot or forest habitat) surrounding

pitfall traps. We then established 100 X 100 m plots centered

on pitfall traps within which we quantified percent area

covered with a) concrete, b) buildings, c) bare ground, d) grass

or herbs and e) shrubs. Within 100 X 100 m plots, we also

counted the number of trees >30 cm circumference at breast

height (cbh). We also established 20 X 20 m plots centered on

the spider sampling area. In the 20 X 20 m area we sampled

canopy cover with a concave vertical densiometer at each

corner and the center of each plot. We also counted and

identified all trees >30 cm cbh, measured tree circumference at

1.37 m above the ground, and estimated tree height. We
identified and measured height and circumference (at 1 cm
above ground) of all tree seedlings and shrubs < 2 m tall and

calculated total woody plant richness per site. Finally, within

the 20 X 20 m plots, we randomly placed four 1 X 1 m plots to

examine herbaceous vegetation and ground cover. Within

each 1 X 1 m plot, we estimated percent cover of a) bare

ground, b) grasses, c) forbs and herbs, d) rocks/wood panels,

e) leaf litter and f) fallen branches. We recorded a) height of

the tallest non-woody vegetation, b) number of forbs and

herbs and c) richness of forbs, herbs, and grasses.

Data analysis.—To examine spider richness, we plotted

species accumulation curves for each habitat type and each

sample date with Estimates (Colwell 2005) and determined

significant differences between habitat types and sample dates by

comparing overlap in 95% confidence intervals (CIs). We plotted

curves for males and females separately due to use of

motphospecies and common sexual dimorphism for spiders. We
assessed spider activity-density data and treated each site on each

date as a sample, summing across the 6 pitfall traps. We used

sample-based rarefaction curves standardized to the number of

individuals to compare species richness (Gotelli & Colwell 200! ).

We compared spider activity-density between habitats and

between sampling dates using a repeated measures analysis of

variance (ANOVA). We summed activity-density across all

pitfall traps in a site and then examined activity-density of all

spiders, of males or of females as the dependent variable and

sampling date and habitat type as main factors. We natural

log ( 3
-

1 ) transformed activity-density data for all and male

spiders to meet conditions of normality. We used Tukey’s tests

to distinguish significant differences between pairs of habitat

types and between sample dates. We also compared the

activity-density of the five most common families encountered

with multivariate ANOVA with number of spiders of each

family captured as the dependent variables and habitat type,

date, and gender as the main factors. We conducted all

activity-density analyses with SPSS v. 17.

We compared family and morphospecies composition of

spiders in the three urban habitats and four sample dates with

three methods. First, we used non-metric multi-dimensional

scaling (NMDS) and analysis of similarities (ANOSIM) to

visually and statistically compare composition of spiders. We
considered each site as a replicate, summed all occurrences

of each species over four sample months, and compared

similarity with the Bray-Curtis similarity index. ANOSIM
produces a global P-value to indicate any differences in

composition and also reports pair-wise comparisons between

particular sites. Third, we used a non-parametric MANOVA
(NPMANOVA) to compare the relative differences in family

and morphospecies composition in sites of the same habitat

type or sampled on the same date (e.g., spread of the points).

All composition analyses were conducted with PAST (Ham-
mer et al. 2001 ).

We examined differences in site characteristics measured in

each habitat type and then examined which characteristics best

correlated with changes in spider communities. To examine

differences in site characteristics in the three different habitats,

we used a multivariate ANOVA with each of the 24 site

variables as dependent variables and habitat type as the main

factor. To examine relationships between the site character-

istics and spider communities, we first used a Principal

Components Analysis (PCA) to reduce the 24 possible

explanatory variables into principal components. Then we

correlated PCA axis 1 and axis 2 with individual vegetation

variables with Pearson’s correlations to determine which

variables were significantly explained by the two principal

components, and thus which biological factors were explained

by each component. Then, we used multivariate regressions to

examine whether PCA axes 1 and 2 and other remaining

variables (e.g., those not significantly correlated with PCA
axis 1 or 2) predicted total observed spider richness, or NMDS
dimensions 1 and 2 for spider family and morphospecies

composition. Variables representing percent ground cover at

the 100 X 100 m and 1 X 1 m scale were arcsine-root

transformed; counts of trees, shrubs and herbs were log (hu- 1 )

transformed and habitat size was square-root transformed to

meet conditions of normality before any analysis. All

vegetation, PCA, and regression analyses were conducted

with SPSS V. 17.0.

RESULTS

Spider activity-density.

—

We collected 547 adult spiders

from pitfall traps from 19 families across all habitats. Overall,

more male (328) than female (219) spiders were collected. On
average, across the summer, spider activity-density was higher

in lots than in forests (Table 1). There were also differences in

activity-density of female and male spiders with habitat type

(Table 1). Female spider activity-density was higher in lots

than in gardens, and higher in gardens than in forests. Male

spider activity density was higher in lots than in forests. Spider

activity-density was relatively constant over the summer, with

8.9 ± 1.3 individuals per site in May, 10.0 ± 1.5 individuals in

June, 1 1.2 ± 2.3 individuals in July and 15.5 ± 2.7 individuals

in August (ANOVA, F3 , 21 = 2.2, P = 0.10). Further, there

was no significant interaction between habitat type and

sampling date (ANOVA, F(, 21 — 1.8, P = 0.15).

The most common families encountered were ground-

foraging families: Lycosidae (34.37% of individuals), Corinni-

dae (8.78%), Liocranidae (8.23%), Cybaeidae (7.68%) and
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Table 1.—Activity density of spiders in three urban habitats in forests, gardens and vacant lots in Toledo, Ohio. Values for forests, gardens

and lots show mean ± standard error, and different superscript letters designate significant differences between habitats (Tukey’s test, P < 0.05).

Statistical results are from univariate ANOVA tests.

Garden Lot Forest /Vy P

All spiders 39.75 ± 5.67"'*’ 70.75 ± 4.49‘‘ 26.25 ± 6.37'’ 9.4 0.006

Male spiders 21.50 ± 2.90“'’’ 43.00 ± 6.6U 17.50 ± 5.30'’ 4.8 0.039

Female spiders 18.25 ± 3.12'’ 27.75 ± 2.46=' 8.75 ± 2.1
8‘-’

17.6 0.001

Dictynidae (7.31%). Activity-density of different families

differed with habitat type (ANOVA, Fio.iss = 11.1, P <
0.001; Fig. 3) and gender (ANOVA, = 4.4, P = 0.002).

Specifically, activity-density of Corinnidae was higher in

forests than in lots (ANOVA, ^2,72 = 4.2, P= 0.014,),

activity-density of Dictynidae was higher in lots than in

forests (ANOVA, ^2,72 = 39.9, P < 0.001 ) and than in gardens

(ANOVA, p2,72 = 39.9, P < 0.001), and Lycosidae were

encountered at least twice as often in lots and in gardens as in

forests (ANOVA, ^2,72 = 29.9, P < 0.001). Activity-density of

males was higher for Corinnidae (ANOVA, Pi 72 = 6.3, P =

0.011) and Dictynidae (ANOVA, = 9.6', P = 0.003).

There were significant interactions between habitat type and

gender (ANOVA, F,o,i 38 = 2.7, P = 0.005).

Spider richness and composition.—Overall we collected 62

female morphospecies and 52 male morphospecies of spiders.

According to species accumulation curves and 95% Cl for

female and male spiders, there were no significant differences

in richness in the three habitat types; however, for both

females and males, richness tended to be highest in vacant lots

and lowest in forests (Fig. 3a, b). None of the accumulation

curves reached asymptotes, indicating that spiders were not

completely sampled in any habitat.

According to NMDS and ANOSIM, composition of spider

families differed with habitat type (ANOSIM, P - 0.002,

Fig. 4a). Spider families found in forests differed from those in

lots (ANOSIM, P = 0.029) and tended to differ from those in

gardens (ANOSIM, P = 0.06). Similarly, at the level of

morphospecies, spider composition differed with habitat type

both for females (ANOSIM, P — 0.002, Fig. 3b) and males

(ANOSIM, P - 0.008, Fig. 4c). Female morphospecies

composition differed in forests and gardens (ANOSIM, P =

0.029), and male morphospecies composition tended to differ

in forests and lots (ANOSIM, P - 0.057). Spider family

composition was more dissimilar in individual forest sites (e.g.,

composition of forest spiders was more widely distributed)

than in gardens (ANOSIM, P = 0.06) or in lots (ANOSIM,
P = 0.031) (NPMANOVA, F = 2.3, P = 0.005). Female

morphospecies composition was more dissimilar in forest sites

than in lots (NPMANOVA, P = 0.029) and more dissimilar in

forest sites than in gardens (NPMANOVA, P — 0.025)

(NPMANOVA, F = 1.8, P = 0.002). Male morphospecies

composition tended to be more dissimilar in forest sites than in

lots (NPMANOVA, F = 2.3, P = 0.005).

Habitat characteristics and spider richness and composition.

—

Several site characteristics differed with habitat (MANOVA,
^4,18 = 9.6, P = 0.004, Table SI [Supplemental materials are

available online at http://www.bioone.org/doi/suppl/ 10. 1636/

PI 2-44]). Forests were larger, had more and larger shrubs and

trees, higher richness of woody plants, more canopy cover,

and more fallen branches (Table SI). Lots and gardens were

more surrounded by buildings and concrete (Table SI). Vacant

lots had taller non-woody vegetation than forests, and more

grass cover, and gardens had more rock and wood cover, more

forb cover and higher herb richness (Table SI). The PCA
predicted a large fraction of the variation in habitat character-

istics and reduced the site characteristics from 24 to 6. PCI
explained 48.2%, PC2 explained 17.6% and PC 1-5 explained

89.5% of the variation in the habitat characteristic data. Sixteen

factors correlated with PCI and four factors correlated with

PC2 (Table S2 [Supplemental materials are available online at

http://www.bioone.org/doi/suppl/I0.1636/P12-44]). PCI posi-

tively correlated with amount of concrete, buildings, and grass

cover and negatively correlated with % cover of herbs, shrubs.

Figure 2.—Species aecumulation curves for observed spider species richness for a) females and b) males observed in urban forests, community
gardens and vacant lots sampled in Toledo, Ohio. Thin lines show upper and lower 95% confidence intervals for symbols of the same shading.
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Figure 3. Rank abundance curves for spider families collected in community gardens, vacant lots, and forest fragments in Toledo, Ohio. All

amilies shown were represented by at least 10 individuals across all habitat types and are arranged alphabetically.

trees, and tree size. Other components (PC3, PC4, PCS) did not

correlate with other site characteristics.

Spider composition was not well predicted by the measured

site characteristics; richness correlated with some habitat

changes. l^Cl, PC2 and four remaining vegetation factors

explained >70% of the variation in composition of different

spider groups, yet were not significant predictors of female

morphospecies composition (NMDS 1, /'}, n = 2.0, P = 0.24;

NMDS 2, /v,ji = 2.9, P = 0.1.3), male morphospecies

composition (NMDS 1, Fe_u = 2.3, P = 0.19; NMDS 2,

/•fill
= 3.5, P = 0.09), or spider family composition (NMDS

1, ^6,11 = 1.4, P = 0.38; NMDS 2, = 6.2, P = 0.032;

spider family composition did not correlate with any

individual site characteristics (P > 0.05). Site characteristics

explained 90.9% of the variation in observed species richness

of females (Multivariate regression, /v,,ii
= 8.4, P = 0.017),

and female richness decreased with increased bare ground (t =

-2.7, P = 0.043), but did not correlate with other factors. Site

characteristics explained 53.3% of the variation in male spider

richness, but were not significantly correlated (Multivariate

regression, /y,,|| = 1.0, P = 0.53).

DISCUSSION

Spider activity-density differed with habitat but did not

significantly vary with sampling date. Overall, the activity-

density that we observed for spiders (22.7 spiders per trap per

month) was consistent with what others have found in urban

and agricultural habitats (between 0.4 and 15.9 spiders per

trap per month: Shochat et al. 2004; Dias et al. 2006; Magura
et al. 201 Ob). We collected more spiders in lots than in forests

for all, and male spiders and female activity-density was

greater in lots than in gardens and greater in gardens than in

forests. These results are consistent with other studies that

have found greater spider activity-density in more disturbed

habitats (Samu et al. 1999; Bolger et al. 2()()(); Pinkus-Rendon

et al. 2006). We did not directly measure habitat disturbance,

but forest fragments were relatively undisturbed, whereas the

lots experienced mowing, and gardens were tilled, planted, and

experienced heavy human activity during the summer. Several

characteristics of the sampled habitats may have influenced

spider activity-density. For instance, higher prey activity-

density may support higher predator activity-density (Bultman

& Uetz 1982; Miyashita et al. 1998) and more active foraging

of spiders (Bradley 1993). Yet prey activity-density may not be

as important in determining activity-density and composition

patterns as other habitat characteristics, especially during mid-

summer (Bultman & Uetz 1982). Spider prey may be more

abundant in areas with high amounts of grass cover (Bolger et

al. 2000), and vacant lots had higher grass cover at the smallest

scale measured. Spider activity-density, especially of some

lycosids, one commonly encountered group, also increases

with the amount of thatch (Dobel et al. 1990; Denno et al.

2002). We did not measure thatch cover, but this may be

correlated with grass cover, which was higher in vacant lots.

Many factors at both local and landscape scales likely

infiuence spider richness. For example, vegetation complexity

can infiuence spiders by altering temperature, humidity, prey

activity-density and richness, and number of prey refuges

(Bultman & Uetz 1982; Wise 1993; Samu et al. 1999; Denno et

al. 2002). Flere, observed richness showed no significant

differences between habitats. Spider diversity can differ with

agricultural or urban habitat differences (Miyashita et al.

1998; Shochat et al. 2004; McKinney 2008) or along rural to

urban gradients (Magura et al. 2010b). However, as in this

study, others have found limited or no differences in richness

among different urban and agricultural habitats (Alaruikka

et al. 2002). McKinney (2008) reported declines in spider

diversity with increasing amounts of impervious surface and

declines in vegetation complexity; yet for some situations,

spider richness was not affected or even increased with
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Figure 4.—Non-metric multi-dimensional scaling analysis of spi-

ders collected in urban habitats in Toledo, Ohio showing a) family

composition and b) morphospccies composition of females and

c) morphospecies composition of males in different habitat types.

urbanization. Similarly, Magura et al. (20 1 Ob) did not find

differences in richness of ground-dwelling spiders in urban,

suburban and rural habitats. Further, Clough et al. (2005) and

Pinkus-Rendon et al. (2006) found similar spider richness in

organic vs. conventional farms, and Pinkus-Rendon et al.

(2006) also found no clear diversity gradient in coffee farms

managed with a more or less complex shade tree canopy. Thus

our results, showing minor differences in spider richness with

changes in habitat are not unusual.

Spider composition also differed with habitat type at the

level of family and for female and male morphospecies.

Composition was generally more similar in the two open

habitats: lots and gardens. Since the vegetation differed with

habitat type, it is not surprising that the community differed in

different habitats. In fact, spider species composition differs in

disturbed and undisturbed habitats (Bolger et al. 2()()(); Bonte

et al. 2002; Oberg 2007), or in urban forests and heaths

differing in fragment size (Gibb & Hochuli 2002). Further,

different forest types, including a highly disturbed clear-cut

forest, differ dramatically in terms of species composition

(e.g., Pearce et al. 2004). However, we did not find strong

correlations between vegetation variables examined or changes

in spider richness and composition, indicating that other

factors may be more important for spider communities. For

example, landscape factors, such as habitat edges, landscape

heterogeneity and habitat fragment size may infiuence spiders

in agricultural landscapes (Bolger et al. 2000; Clough et al.

2005; Drapela et al. 2008). Spider diversity may vary with

distance to habitat edges, and both landscape heterogeneity

and location of the fields within the landscape may affect

diversity and activity-density of spiders (Clough et al. 2005).

Both habitat fragment size and age may also infiuence spider

richness, especially for spiders with larger body size (Miyashita

et al. 1998; Bolger et al. 2000). We did not examine the

landscape surrounding our study sites. Thus, possibly the

landscape surrounding our study sites differs, potentially

masking effects of local scale vegetation or site differences on

spider diversity.

Spiders tended to be more abundant and species-rich in lots

than in the other habitat types, and composition strongly

varied in the different urban green space habitats. One aim of

this study was to examine the potential of different urban

green habitats to conserve biodiversity, thus a comparison to

nearby natural areas is important. Bradley and Hickman

(2009) recently examined spider communities in several

habitats within the Glen Helen Nature Preserve in Greene

County (central Ohio). They used several methods, including

pitfalls, to sample spiders, making direct comparisons

difficult. Nonetheless, they sampled upland forests (77 species

collected) and old fields (41 species found). Overall, 26% of the

species they captured were with pitfall traps, but they did not

report exact values for each habitat type. We collected 13

female and 18 male species in forests, and 46 female and 37

male species in lots; thus, values at least for the open habitats

are relatively comparable with natural habitats in the region.

In sum, vacant lots support slightly higher richness and greater

spider activity-density than other urban habitats examined,

and appear comparable to spider richness from nearby natural

locations. Because spider composition differs with urban green

space habitat, maintaining a variety of habitat types may be

most beneficial for spider conservation in urban landscapes.
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Abstract. Wetland complexes in Mediterranean deltas play an important ecological role, as they harbor a diverse flora

and fauna with numerous specialized species. Intensification and expansion of agricultural land use, as well as increasing

withdrawal of water over the past decades, has led to considerable habitat loss in many places. Although studies from

temperate Europe have already demonstrated the conservation needs of wetlands, analogous data for the Mediterranean

region are very scarce. The present paper analyzes spider assemblages of the Aladjagiola wetland complex and provides

ecological descriptions of diversity patterns and assemblage structures. We aim to provide the first ecological descriptions
;

of several species and effective data sets to characterize the ecological status of the wetland habitats investigated. Spiders
[

were collected by pitfall trapping from April to July 2008 in seven habitat types: pseudo-maquis, dry grassland (short li

growth), dry grassland (long growth), fringes, reed belts, humid grassland and fallow land. Diversity (alpha and functional) :

and evenness were both found to be lowest in humid habitat types. Community structure was analyzed by non-metric
J

multidimensional scaling. Humid habitat types harbored a distinct species assemblage comprising many hygrophilic species !

that could clearly be separated from all other habitat types. By means of generalized linear models, habitat preferences of

numerous xerophlic. hygrophilic and photophilic species could be assessed. Our study demonstrated that especially humid

habitat types are worth protecting. :

Keywords: Aladjagiola wetland complex, Araneae, east Macedonian-Thracian wetland belt, functional diversity, Greece,

Nestos Delta

Mediterranean deltas comprise a broad variety of habitat

types (Hecker & Vives 1995). Among them, coastal dunes and

lagoons with salt marshes, as well as fresh-water habitats such

as dynamic riparian gravel and sand banks, alluvial forests,

lakes and adjacent wetlands play an important ecological role,

as they harbor a diverse flora and fauna including numerous

specialized species (Krcmar & Merdic 2007; Buchholz 2009).

Most Mediterranean deltas have been heavily impacted by

anthropogenic measures (e.g., drainage, water storage, salini-

zation, grazing and pisciculture) and are thus highly endan-

gered (Britton & Crivelli 1993).

The Aladjagiola wetland complex is located in northeast

Greece within the Nestos Delta, forming the westernmost part

of the east Macedonian and Thracian wetland belt. Although

covering a relatively small area (approximately 20 km"),

previous studies have consistently indicated high species

richness within numerous taxonomic groups (amphibians

and reptiles: Donth 1996; butterflies: Schumann 1996; spiders:

Schroder et al. 2011). Despite their ecological relevance,

the wetlands of the Aladjagiola have been subjected to a

continuous intensification and expansion of agricultural land

use over the past decades. Together with an increasing

withdrawal of water, this has led to considerable habitat loss

in the whole region (Mallinis et al. 2011). Currently, the

conversion of land and the alteration in water supply of the

Nestos River are an immediate threat, which has led to an

increasing desiccation of freshwaters and the adjacent wetland

habitat types.

Invertebrates such as spiders are generally suitable early

warning organisms and bioindicators. By studying inverte-

brate communities it is possible to assess the conservation

value of certain habitat types, and several authors claim a

more prominent consideration for conservation and biodiver-

sity studies (Finch & Niedringhaus 2010). In this context.

analyzing assemblages and species-environment relationships
j

can provide valuable data bases for nature conservation !

policies and habitat management guidelines (Buchholz 2010; :

Cristofoli et al. 2010). Spiders have proven to be a suitable

model group within a broad variety of ecological studies
j

(Buchholz 2010; Schirmel et al. 2012) as they are abundant
j

and species-rich, easy to sample and show distinct spatial and '

temporal habitat preferences (Entling et al. 2007; Schirmel
]

& Buchholz 2011). To date, ecological analyses of spider !'

assemblages of eastern Mediterranean ecosystems are very
;

scarce, and thus information on ecology and habitat

preferences of many spider species is mostly missing.

This paper analyzes spider assemblages of the Aladjagiola
'

wetland complex. Apart from ecological descriptions of i;

diversity patterns and assemblage structures, this work aims

to provide effective data sets to characterize the ecological
|

status of the investigated habitat types that could be used
j

within the framework of conservation and both ecological

planning and management. Authorities for scientific names

appear in Appendix I.
'

STUDY AREA ['

Aladjagiola is part of the Nestos Delta and is located in East
'

Macedonia, in northeast Greece, between 41°00' and 41°02'N,
,

and between 24°40' and 24°44'E. It comprises an area of '

approximately 20 km^ (Mattes & Lienau 1996) (Fig. 1). The
j,

northern border of the Nestos Delta directly adjoins the i|

southernmost part of the Rhodope Mountains. The study area j'

is located northeast of the city of Chrysoupolis. The climate is

Mediterranean with 600-700 mm annual precipitation and 16° >

C annual average temperature (Lienau 1989).

Within the study area, dry habitats, mainly represented by i

patches of dry calcareous grassland within scattered pseudo- (

maquis formations, as well as fresh water lakes with adjacent
(
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Figure 1.—Location of the Aladjagiola wetland complex in the

western part of the Nestos Delta, in northeast Greece.

reed banks and humid meadows, form a diverse habitat

mosaic. Habitat heterogeneity is additionally enhanced by

diverse small-scale vegetation elements within the agricultural

landscape, especially fringes and hedges along irrigation canals

and arable fields. The biggest lake, Megali Limni, is thought to

be a former lagoon that lost its connection to the sea during

the delta developing process. Lakes and ponds in the western

part of the study site are of anthropogenic origin as a result of

intensive clay and sand mining, while standing water bodies

near the Nestos River are assumed to have emerged from

former oxbows of the Nestos River (Jerrentrup et al. 1989).

METHODS
Sampling.—Spiders were collected by pitfall trapping from

April to July 2008. Pitfall traps measured 9 cm in diameter

and were filled with a 4% formalin/detergent solution. The
position of each trap (three traps per sampling site) was

randomly determined, but minimum distance between traps

was 5 m. Traps were emptied fortnightly. The investigations

were conducted in seven main habitat types (pseudo-matiuis,

dry grassland - short growth and long growth, fringes, reed

beds, humid grassland, fallow land), each with three replicates,

resulting in a total of 21 sampling sites and 63 pitfall traps.

For habitat description three environmental parameters were

assessed once at the end of May (Table 1). Vegetation

structure [cover of herb layer (%)] was estimated in an area

of 1 wr around each pitfall trap. The three measurements per

sampling site were afterwards averaged. According to AG
Boden (1994), soil humidity was estimated in the field and

categorized into five classes: 1 = dry, 2 = slightly humid, 3 =

humid, 4 = very humid and 5 = wet. Shading was estimated as

percentage of canopy openness and assigned to five shading

classes: 1 = no shading (0-20%), 2 = low shading (20-40%), 3

= moderate shading (40-60%), 4 = high shading (60-80%)

and 5 = very high shading (80-100%).

Analysis.—Alpha diversity (number of species. Shannon

diversity. Shannon evenness) was expressed as the number of

species at each site. Shannon diversity and Shannon evenness

were calculated using PAST (Hammer et al. 2001).

Although species richness is usually the simplest and most

intuitive measure for diversity within the framework of

biodiversity and conservation studies, the use of functional

diversity, which integrates information on life-history traits,

has grown rapidly in recent years in ecological research (e.g.,

Violle et al. 2007), since the realization that life-history traits

play an important role in diversity (Vandewalle et al. 2010).

Functional diversity concepts can provide a useful approach

to integrate biodiversity research into the broader context of

ecosystem processes and functioning, and recently Schirmel et

al. (2012) demonstrated that functional diversity of spiders is

more sensitive than alpha diversity and therefore contributes

valuable information for conservation.

Three functional diversity indices were calculated using the

R environment package FD: functional dispersion (FDis),

functional evenness (FEve) and functional divergence (FDiv)

(Villeger et al. 2008; Laliberte & Legendre 2010). FDis is

a measure of functional richness, which considers species

relative abundances by estimating their dispersion in a

multidimensional trait space. In the following, we interpret

functional dispersion as a measure for functional diversity per

se. FEve combines both the evenness of trait distribution and

the evenness of species relative abundances. The index is 1 if

all species have equal abundance and if all the traits are evenly

distributed in trait space, and it declines toward zero with

Table 1.—Environmental characteristics of the sampled habitat types. Explanations - classes for soil humidity (soil. hum): 1
= dry,

2 = slightly humid, 3 = humid, 4 = very humid, 5 = wet; classes of shading (measured as canopy openness): I = no shading, 2 = low shading,

3 = moderate shading, 4 = high shading, 5 = very high shading; cov.veg = vegetation cover.

habitat type no. of sites soil.hum shading cov.veg [%]

pseudo-maquis [PM] 3 2 4 75

dry grassland - short growth [DGs] 3 1 1 70

dry grassland - long growth [DGl] 3 2 2 95

fringes [FR] 3 2 3 80

reed belts [RE] 3 5 2 80

humid grassland [HG] 3 4 2 90

fallow land [FL] 3 2 1 70
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Table 2.—Spider diversity of habitat types pseudo-maquis (PM), dry grassland - short growth (DGs), dry grassland - long growth (DGl),

fringes (FR), reed belts (RE), humid grassland (HG) and fallow land (FL). Alpha diversity is expressed as number of species (number of species),

Shannon-Index and Shannon-Evenness (mean ± SEM). For functional diversity, functional dispersion (FDis), functional evenness (FEve) and

functional divergence (FDiv) were calculated (mean ± SEM). Differences among habitat types were tested using one-way ANOVA (significance

levels: *** P < 0.001, ** P > 0.01, n.s. = not significant). Pairwise comparisons were done using the Holm-Sidak test, and different letters

indicate significant differences between groups at F < 0.05.

habitat types

PM DGs DGl FR RE HG FL F

alpha diversity

no. species 26 ± 3 42 ± 3 40 ± 4 43 ± 2 34 ± 9 40 ± 11 24 ± 2 j

gn.s.

Shannon 2.59 ± 0.20“ 3.22 ± 0.03*’ 3.02 ±0.10*’ 2.84 ± 0.19“' 2.11 ± O.IS" 2.63 ±0.15^ 2.56 ± 0.06“' ” 6.8***

Evenness 0.51 ± 0.06“ 0.61 ± 0.04“ 0.52 ± 0.05“ 0.42 ± 0.07“' *’

0.26 ± 0.02” 0.40 ± 0.08“- ”
0.54 ± 0.03“ 4.6**

functional diversity

FDis 0.38 ± 0.01“ 0.36 ± 0.01“ 0.38 ± 0.01“ 0.34 ± 0.05“ 0.26 ± 0.03” 0.24 ±0.01” 0.40 ± 0.02“ *7

FEve 0.71 ± 0.03“ 0.71 ± 0.02“ 0.69 ± 0.01“ 0.71 ± 0.02“ 0.59 ± 0.04” 0.60 ± O.Ol” 0.72 ± 0.03“ 5.2**

FDiv 0.84 ± 0.01 0.79 ± 0.01 0.83 ± 0.03 0.90 ± 0.02 0.89 ± 0.03 0.86 ± 0.03 0.85 ± 0.04 1

8n.,s.

increasing unevenness in either aspect. Lastly, FDiv expresses

the distance of the most abundant species from the centroid of

the assemblage in trait space. FDiv is high when the most

abundant species have extreme trait values. It can be

interpreted as a measure of variance (Laliberte & Legendre

2010 ).

To calculate functional diversity, spiders were first assigned

to life history trait categories with the help of literature data

(Appendix I). The following traits were analyzed: body size,

hunting mode and ballooning. Hunting and ballooning were

coded categorically according to Cardoso et al. (2011)

(ambush hunters, ground hunters, other hunters, orb web,

sensing web, sheet web, space web, specialists) and Bell et al.

(2005) (ballooning uncommon = genus not listed as ballo-

oners in Bell et al. 2005, less common = genus listed, common
= species listed). For body size (total body length), metric data

(mm) were taken for females from Nentwig et al. (2013).

For multivariate analyses, only dominant species occurring

with frequencies of more than 3.1% per site were taken from

the dataset of Schroder et al. (201 1). Omitting rare species is

an appropriate method to reduce statistical noise in the data

set without losing much information. In order to analyze

spider species assemblages, a non-metric multidimensional

scaling (NMDS) using VEGAN and MASS packages was

applied. Prior to the analyses, relative abundances of each

species were square root transformed. The NMDS was based

on the Bray-Curtis dissimilarity matrix of spiders. In search of

a stable solution, a maximum of 100 random starts was used.

After seven tries, two convergent solutions were found for a

three -dimensional model. A perniutational multivariate

analysis of variance (MANOVA based on 10,000 permuta-

tions) was performed to assess the impact of habitat type and

of soil humidity (as an analogue for habitat humidity) on

species abundance distribution and assemblage separation.

Poisson generalized linear models (GLM) were applied to

test the effects of environmental constraints (predictor

variables: soil humidity, shading, vegetation cover) on species

that occurred with more than nine individuals. To compensate

for overdispersion, standard errors were corrected using a

quasi-Poisson model. The residual deviance was used as a

goodness-of-fit measure by calculating the pseudo R~ (Zuur et

al. 2009).

All statistical analyses were performed with R 3.0.1 (R Core

Team 2013).

RESULTS

Significant differences among habitat types could be

detected for Shannon diversity and evenness (ANOVA, F =

6.8, P — 0.001; F = 4.6, P = 0.007), although differences in

species numbers were not significant (Table 2). Species

assemblages of reed belts were less diverse (Shannon = 2.11)

than those of all other habitat types. Accordingly, evenness

was lowest in reed belts (0.26). Functional diversity also

differed significantly among habitat types (Table 2). Func-

tional dispersion and functional evenness were lowest in

humid habitat types (FDis = 0.26 and 0.24 for reed belts and

humid grassland, respectively, ANOVA, F = 7.1, P = 0.001;

FEve = 0.59 and 0.60, ANOVA, F = 5.2, P = 0.004). Higher

values were calculated for dry habitat types.

In total, 43 species out of 2,208 individuals were submitted

to a multivariate analysis. The stress value for a three-

dimensional NMDS was 7.92. The scaling plot illustrated two

distant habitat groups comprising clearly distinct spider

species assemblages (Fig. 2). Humid habitat types (reed,

humid grassland) (on the right) were separated from more

or less dry habitats on the left. Most abundant in humid

habitat types were several lycosid species such as Arctosa

leopaniiis, A. thilisiensis, Aukmia kratoclivili, Pardosa paludi-

cola, P. prativciga, P. vittata, Pirata latitcms and Trochosa

ruricola as well as Oedothorax apicatus. Dry habitats were

separated from pseudo-maquis, where Brachythele denieri,

Harpactea hahori and Scyfades thoracica were typical species.

Dry grassland and fallow land sites harbored a similar species

assemblage comprising numerous gnaphosid and salticid

species; e.g., Callilepis cretica, Gnaphosa lucifuga, Nomisia

exornata, N. ripariensis, PeUenes diagonalis, P. nigrociliatus,

Phlegra fasciata, Trachyzelotes harhatus, T. lyoimeti and

Zelotes tenuis.

Soil humdity contributed significantly to species grouping,

as indicated by the permutational multivariate analysis of

variance (F = 8.1, F < 0.001, R~ = 0.29, 10,000 permutations).

Accordingly, generalized linear models showed that most

species responded significantly to soil humidity (Table 3).

Activity densities of wetland species such as Arctosa leopardiis.
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Figure 2.—NMDS plot based on spider densities (stress = 7.92, three dimensions). Habitat type significantly affected compositional

differences of assemblages (permutational multivariate analysis of variance, F = 3.3, P < 0.001, R~ = 0.69, 10,000 permutations).

Abbreviations—sites: PMl-3 = pseudo-maquis, DGsl-3 = dry grassland, short growth, DGll-3 = dry grassland, long growth, FRl-3 =

fringes, REl-3 = reed beds, HGl-3 = humid grassland, FLl-3 = fallow land; —species: Alo.alb = Alopecosa alhofasciata, Arc.leo = Arctosa

leopardus, Arc.tbi = Arctosa tbilisiensis, Aul.kra = Aulonki kratocbvili, Bra.den = Brachythele denieri. Cal.ere = Calldepis cretica. Die.am =

Dictyna anmdinacea, Dra.pra = Drassyllus praejlciis, Gna.luc = Gmiphosa liicifuga, Hap.sig = Haplodrassiis signifer, Har.bab = Harpactea

babori, Hog.rad = Hogna radiata, Lio.str = Liocranoeca striata, Mal.nem = Maltlionica nemorosa, Mec.peu = Mecophistes peusi, Nom.exo =

Nomisia exormita, Nom.rip = Nomisia ripariensis, Oed.api = Oedothorax apicatus, Ozy.san = Ozyptila cf. sanctuaria, Par.cri = Pardosa cribrata.

Par. pal = Pardosa paludicola, Par.pra = Pardosa prativaga, Par.pro = Pardosa proximo, Par.vit = Pardosa vittata, Pll.dia = Pellenes diagonaUs,

Pll.nig = Pellenes nigrociliatiis. Phi. fas = Phlegra fasciata, Pir.lat = Pirata latitans, Scy.tho = Scytodes thoracica, Tha.atr = Tlumatus atratus,

Tit.fla = Titanoeca Jlavicoma, Tit.tur = Titanoeca turkmenia, Tra.bar = Trachyzelotes barbatus, Tra.lyo = Trachyzelotes lyonneti, Tra.ped =

Trachyzelotes pedestris, Tro.rur = Troebosa ruricola, Xys.cap = Xysticus caperatus, Xys.koc = Xysticus kochi, Zel.atr = Zelotes atrocaendeiis,

Zel.ilo = Zelotes ilotanim, Zel.ten = Zelotes tenuis, Zod.fre = Zodarion frenation, Zod.mor = Zodarion morosum.

Aulonia kratochvili, Pardosa vittata, Pirata latitans and

Trochosa ruricola increased with increasing soil humidity,

while those of xerophilic species (e.g., Harpactea hahori,

Nomisia exornata, Xysticus caperatus) decreased. Other

environmental parameters were less influential, as only a few

species were affected by either shading or vegetation cover. Of
these, Pellenes diagomdis and Xysticus kochi responded

negatively to increasing shading, while activity densities of

Brachythele denieri increased.

DISCUSSION

Studies from Central Europe have demonstrated the

importance of wetlands for the conservation of spider diversity

(e.g., Weiss et al. 1998; Holec 2000), and Greenwood et al.

(1995) showed that species diversity was higher in wetland

habitats than in arable land. For the Mediterranean region

analogous data are scarce, apart from very few studies that have

assessed the conservation importance of reed beds (Schmidt et

al. 2005) and freshwater habitats such as floodplains, river

shores and humid grasslands (Buchholz 2009).

Spider assemblages of reed belts were less diverse than those

of all other habitat types and showed lower evenness values,

which indicate higher habitat dynamics and disturbance

effects (Kratochwil & Schwabe 2001). This is most likely

related to temporal flooding, and it appears that humid

habitat types are inhabited by a few specialized species. These

show high abundances (e.g., Arctosa leopardus: n - 554; A.

tbilisiensis: n — 245) and are able to cope with disturbance due
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Table 3.—Responses of spider species to selected environmental variables analyzed by GLM. Whether or not the variable had a positive or

negative effect on species activity densities is indicated by “ —
” for decreasing (negative) and for increasing (positive) effect. Significance

levels are indicated as ***(P < 0.001), **(R < 0.01) or *{P < 0.05). Abbreviated environmental predictor variables: soil.hum = soil humidity,

cov.veg = vegetation cover. For a complete species list from Aladjagiola see Schroder et al. (2011). Only species with significant response

are shown.

species individuals soil.hum shading cov.veg R-

A lopecosa alhofasciata 79 _ ** + * 52.5

Arctosa leopardiis 238 + ** 66.6

A rctosa thilisiensis 110 + *
76.8

A idonia kratoch vili 139 41.9

Brachythele denieri 1

1

+ * 44.2

Callilepis cretica 68 * 32.6

Brassylilts praeficus 39 + * 17.4

Haplodrassiis signifer 32 + * 41.8

Harpactea habori 16 + *** 76.6

Mecophistes peiisi 10 _ * 38.0

Nomisia exornata 21 _ ** _ * 70.8

Oedothorax apicatiis 170 + * _ * 66.5

Pardosa paliidicola 52 + * 83.2

Pardosa prativaga 182 + * 45.1

Pardosa proxima 145 + * 84.1

Pardosa vittata 61 89.4

Pellenes diagonalis 18 _ * 80.4

Pirata latitans 71 + ** 59.1

Scytodes thoracica 33 _ * 75.4

Tlianatiis atratus 81 _ ** + * 45.0

Trachyzelotes pedestris 18 + * 50.6

Trochosa ruricola 173 _j_ *+* 78.9

Xysticus caperatiis 51 _
-K

* 43.2

Xysticus kochi 42 _ * 32.5

Zodarion frenatiim 15 _ * 37.0

Zodarion moroswn 11 _ =}= _ + * 61.3

to flooding. Accordingly, functional evenness was lowest in

reed belts as well as in humid grasslands. Although flooding was

less common in humid grasslands than in reed belts, disturbance

and habitat dynamics still affected species assemblages. With

regard to functional evenness, lower values do not only indicate

high habitat dynamics and disturbance effects, but also a less

balanced niche occupancy (Schleuter et al. 2010) caused by the

occurrence of rigorously hygrophilic species that occupy the

same ecological niches. According to Villeger et al. (2008) both

functional and species richness are closely related, and thus it is

not surprising that humid sites had a lower functional diversity.

In general, low functional diversity values can be explained by a

lower number of available niches (Schirmel et al. 2012), which

results from very homogeneous reed belts that provide only a

minimally diverse habitat structure.

Conservation importance of wetland habitats.—Humid sites

harbored numerous hyrophilic species (e.g., Arctosa leopardiis,

A. thilisiensis, Aiilonia kratochvili, Oedothorax apicatiis,

Pardosa pcdudicola, P. prativaga, P. vittata, Pirata latitans

and Trochosa niricola). Species assemblages could be clearly

separated from those of dry habitats that included mostly

xerophilic and photophilic species such as Brachythele denieri,

Harpactea habori, Nomisia exornata, Pellenes diagoiudis,

Scytodes thoracica, Xysticus caperatm and X. kochi. A number
of studies from Central Europe have shown that wetlands

harbor unique spider assemblages that show a high sensitivity

to altered soil humidity conditions (Bell et al. 1999; Bonn et al.

2002). However, due to lower precipitation and higher mean

temperatures during the summer, effects on spider assemblag-

es as well as activity levels might be much stronger in the

Mediterranean region than in the temperate climate zone of

Central and Northern Europe. Thus, the intensity of the

anthropogenic impacts on the hydrological regime might be

even more serious. In the case of the Aladjagiola wetland this

would be crucial, since water withdrawal and consequent

drying-out of freshwaters and adjacent wetland habitat types

is highest by far during the summer (Taubert 1996).

Our study demonstrates that especially humid habitat types

that suffer an ongoing habitat loss are worth protecting, as

they harbor a unique spider assemblage. Analyses also showed

that numerous species were constrained by soil humidity.

These rigorously hygrophilic species depend strongly on the

occurrence of wetland habitat types. Thus, it is likely that with

proceeding habitat loss, the wetland assemblages will disap-

pear. In addition, hygrophilic species may decline or, if it

comes to the worst, they may even become extinct. Data for

conservation issues—including ecological descriptions—are

mostly rare in the eastern Mediterranean region. This is a

drawback since updated datasets are urgently needed to,

firstly, assess the conservation status of certain habitat types

and, secondly, provide a basis for nature conservation

strategies and habitat management objectives. Therefore, our

results have particular importance for the northeastern Greek

wetlands, which belong to a region that is of nationwide

conservation importance due to its landscape diversity and

biogeographical uniqueness (e.g., Jerrentrup et al. 1989;
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Schroder et al. 2011). Considering the ongoing habitat loss

and degradation, preservation and restoration of the remain-

ing wetland habitats is urgently needed. We showed the

importance of using spiders as a model group, knowing that

spider species are an adequate surrogate for the conservation

value of the total invertebrate fauna (Scott et al. 2006). On the

other hand, data from Aladjagiola suggest that conservation

importance does not only apply to invertebrates (e.g.,

Schumann 1996) but also to higher taxa (Donth 1996). Thus,

there is an urgent need to drastically reduce the water

withdrawal and to develop a more sustainable irrigation

regime. Furthermore, land conversion planning must ensure

the highest possible habitat diversity by conserving wetland

habitats and thus preserving their unique spider assemblages.
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Appendix 1.—Individual number of spiders and life-history traits [according to Bell et al. 2005 (ballooning), Cardoso et al. 2011 (hunting),

Nentwig et al. 2013 (female body size’ mm)]. PM = pseudo-maquis, DGs = dry grassland - short growth, DGl = dry grassland - long growth,

FR = fringes, RE = reed belts, HG = humid grassland, EL = fallow land.

Life-history traits Abundances

Species body size hunting ballooning PM DGs DGl FR RE HG EL sum.

Agelenidae

Agelena orientalis C.L. Koch 1837 13.50 sheet web less common 3 2 3 1 9

Malthonica nemorosa (Simon 1916) 10.75 sheet web uncommon 8 1 9 2 20

Tegenaria angustipalpis Levy 1996 5.90 sheet web uncommon 1 1

Amaurobidae

Amaurohius erberi (Keyserling 1863) 9.50 sheet web uncommon 1 1 2

Araneidae

Agalenatea redii (Scopoli 1763) 7.50 orb web uncommon 1 1 2

Araneus angulatus Clerck 1757 17.00 orb web less common 1 1

Cercidia prominens (Westring 1851) 6.00 orb web uncommon 1 1

Cyrtarachne ixodoides (Simon 1870) 6.70 orb web uncommon 1 1

Gibberanea bituberculata

(Walckenaer 1802)

G. gibbosa (Walckenaer 1802)

9.00

7.50

orb web
orb web

uncommon
uncommon 1

1 5 6

1

Hypsosinga albovittata (Westring 1851) 4.00 orb web common 1 2 1 4

Larinioides cornutus (Clerck 1757) 11.75 orb web common 1 1

Mangora acalypha (Walckenaer 1802) 5.75 orb web common 1 1 1 3

Neoscona adianta (Walckenaer 1802) 6.25 orb web less common I 5 1 1 8

Zilla diodia (Walckenaer 1802) 4.00 orb web uncommon 1 1

Atypidae

Atypus piceus (Sulzer 1776) 12.50 sensing web uncommon 1 1

Clubionidae

Clubiona lutescens Westring 1851 7.00 other hunters less common 1 1

C. phragmitis C.L. Koch 1843 9.50 other hunters less common 1 1

Corinnidae

Phrurolithus festivus (C.L. Koch 1835) 3.00 ground hunters uncommon 3 2 2 10 2 3 22

P. szilyi Herman 1879 2.50 ground hunters uncommon 3 1 1 1 6

Dictynidae

A rcluieodictyna con.secuta

(O.P.-Cambridge 1872) 2.00 space web uncommon 1 i 2

Dictyna arimdinacea (Linnaeus 1758) 3.25 space web common 9 9

Dysderidae

Dysdera longirostris Doblika 1853 7.00 specialists uncommon 1 5 4 10

Harpactea bahori (Nosek 1905) 7.60 specialists uncommon 27 1 1 14 43

Stcdagtia thaleriana Chatzaki

& Arnedo 2006 5.50 specialists uncommon
1

1

Eresidae

Eresus kollari Rossi 1 846 12.50 sheet web uncommon 2 2 5 2 11

Filistatidae

Pritlia nanu (Simon 1868) 3.45 sensing web uncommon 5 1 6

Gnaphosidae

Aphantaidax cincta (L. Koch 1866) 6.00 ground hunters uncommon 1 1

A. trifasciata (O.P.-Cambridge 1872) 5.50 ground hunters uncommon 1 1
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Species

Life-history traits

body size hunting ballooning

Abundances

PM DGs DGl FR RE HG FL sum.

CciUilepis crelica (Roewer 1928) 5.50 ground hunters uncommon 36 32 54 66 1 189

Camillina metellus (Roewer 1928) 4.00 ground hunters uncommon 2 2

Drassodes kipidosits (Walckenaer 1802) 12.00 ground hunters uncommon 1 5 1 1 I 3 12

D. pubescens (Thorel! 1856) 7.50 ground hunters uncommon 1 1 3 2 7

Dmssylhis hitetianm (L. Koch 1 866) 5.00 ground hunters common 2 1 1 4

D. praeficus (L. Koch 1866) 6.00 ground hunters common 2 13 6 24 15 36 6 102

Gnaphosci htcifiiga (Walckenaer 1802) 15.50 ground hunters less common 6 1 1 32 40

Haplodrassiis dalmcitemis (L. Koch 1866) 6.00 ground hunters uncommon 2 5 2 5 14

H. invalidiis (O.P.-Cambridge 1872) 7.50 ground hunters uncommon 1 1

H. minor (O.P.-Cambridge 1879) 3.50 ground hunters uncommon 1 14 15

H. signifer (C.L. Koch 1839) 8.50 ground hunters uncommon 11 6 14 6 37 4 78

Micaria albovittata (Lucas 1846) 6.25 ground hunters common 2 14 1 17

M. coarctata (Lucas 1846) 5.40 ground hunters common 1 1

M. guttidata (C.L. Koch 1839) 2.95 ground hunters common 1 3 5 1 10

M. pulicaria (Sundevall 1831) 3.50 ground hunters common 2 7 5 14

Nomisia exoriuita (C.L. Koch 1839) 6.00 ground hunters uncommon 4 37 11 7 59

N. ripariensis (O.P.-Cambridge 1872) 7.30 ground hunters uncommon 19 5 5 4 8 41

Trachyzelotes barbatus (L. Koch 1866) 8.30 ground hunters common 7 7 4 4 22

T. lyonnet i (Audoum 1826) 7.10 ground hunters common 1 7 7 2 17

T. malkini Platnick & Murphy 1984 6.95 ground hunters common 1 1 2 2 6

T. pedestris (C.L. Koch 1837) 7.50 ground hunters common 3 4 2 32 41

Zelotes argoliensis (C.L. Koch 1839) 6.35 ground hunters common 1 4 5

Z. atrocaendeus (Simon 1878) 7.00 ground hunters common 2 1 16 10 33 62

Z. caucasiiis (L. Koch 1866) 5.50 ground hunters common 1 1 1 3

Z gracilis (Canestrini 1868) 2.00 ground hunters common 1 1

Z. ilotariim (Simon 1884) 7.45 ground hunters common 3 11 2 1 17

Z. longipes (L. Koch 1866) 6.00 ground hunters common 1 1 2 1 5

Z. segrex (Simon 1878) 5.10 ground hunters common 12 6 1 19

Z tenuis L. Koch 1866

Hahniidae

6.55 ground hunters common 3 6 6 3 3 21

Antistea elegans (Blackwall 1841)

Linyphiidae

Acartauchenius scurrilis

3.00 sheet web uncommon 1 5 6

(O.P.-Cambridge 1872) 1.85 other hunters uncommon 1 3 4

Ceratinella brevipes (Westring 1851) 1.70 other hunters less common 1 2 3

C. brevis (Wider 1834) 2.00 other hunters less common 1 1 2 4

Diplostyla concolor (Wider 1834) 2.75 sheet web common 15 15

Enteclara acuminata (Wider 1834) 2.20 other hunters less common 1 1

Erigone dentipalpis (Wider 1834) 2.30 other hunters common 1 2 2 1 1 7

Frontinellina frutetorum (C.L. Koch 1834) 5.50 sheet web less common 1 1

Gnathonarium dentatiim (Wider 1834) 2.40 other hunters common 2 16 18

Gongylidiellum murcidum Simon 1884 1.60 other hunters common 1 1

Gongylidium rufipes (Linnaeus 1758) 3.40 other hunters uncommon 2 2

Mecophistes peusi Wunderlich 1972 1.60 other hunters uncommon 11 15 3 1 30

Meioneta fuscipalpa (C.L. Koch 1836) 1.90 sheet web less common 1 1

M. pseudorurestris (Wunderlich 1980) 1.80 sheet web less common 1 2 2 2 7

Neriene clathrata (Sundevall 1830) 4.35 sheet web common 1 1 2

Oedothorax apicatus (Blackwall 1850) 2.75 other hunters common 8 2 389 5 404

Pelecopsis elongata (Wider 1834) 2.05 other hunters common 1 1

P. parallela (Wider 1834)

Pocadicnemis juncea Locket

1.65 other hunters common 1 1 6 8

& Millidge 1953 1.90 other hunters uncommon 2 2 4

Prinerigone vagans (Audouin 1826) 2.10 other hunters common 1 17 2 20

Scutpelecopsis kraiisi (Wunderlich 1980) 1.40 other hunters common 1 1

Syaedra gracilis (Menge 1869) 2.45 other hunters uncommon 3 3

Trichoncus hackmani Millidge 1955 2.10 other hunters uncommon 1 5 3 1 10

Walckenaeria alticeps (Denis 1952) 2.35 other hunters common 2 3 5

W. vigilax (Blackwall 1853)

Liocranidae

2.55 other hunters common 3 3

Agraecina lineata (Simon 1878) 8.00 ground hunters uncommon 1 1 2
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Life-history traits

body size hunting ballooning

Abundances

PM DGs DGl FR RE HG FL sum.

Agroeca cuprea Menge 1873 4.00 ground hunters uncommon 4 1 5

A. hisatica (L. Koch 1875) 6.00 ground hunters uncommon 9 9

Liocniiioeca striata (Kulczyn’ski 1882) 5.00 ground hunters uncommon 38 38

Lycosidae

Alopecosa alhofasciata (Brulle 1832) 11.00 ground hunters less common 58 16 14 51 5 2 31 177

A. pentheri (Nosek 1905) 9.00 ground hunters less common 2 1 3

Arctosa leopardus (Sundevall 1833) 9.00 ground hunters less common 3 411 143 557

A. perita (Latreille 1799) 7.75 ground hunters common 1 8 1 4 14

A. thilisieiisis Mcheidze 1946 6.50 ground hunters less common 3 28 217 2 250

Aukmia kratochvili Dunin, Buchar &
Absolon 1986 5.00 ground hunters less common 36 93 62 149 340

Geolycosa vultaosa (C.L. Koch 1838) 18.50 ground hunters less common 2 1 3

Hogna radiata (Latreille 1817) 18.50 ground hunters less common 11 4 12 4 1 1 33

Pardosa agrestis (Westring 1861) 7.50 ground hunters common 3 3

P. agricola (Thorell 1 856) 6.75 ground hunters common 2 1 3

P. crihrata Simon 1876 6.25 ground hunters common 4 82 61 36 183

P. /;o/7c«i7'.y (Thorell 1872) 5.25 ground hunters common 2 3 13 4 22

P. Dioaticola (Clerck 1757) 5.00 ground hunters common 4 4

P. paliidicola (Clerck 1757) 8.50 ground hunters common 4 112 116

Pardosa prativaga (L. Koch 1870) 5.00 ground hunters common 95 303 45 443

P. proximo (C.L. Koch 1847) 6.00 ground hunters common 2 161 164 19 346

P. vittata (Keyserling 1863) 6.30 ground hunters common 48 91 139

Pirata latitans (Blackwalll841) 4.50 ground hunters common 35 63 70 168

P. piraticus (Chrck 1757) 6.80 ground hunters common 1 1

Trehacosa europaea Szinetar

& Kancsal 2007 6.25 ground hunters uncommon 7 7

Trochosa ruricola (De Geer 1778) 1 1.50 ground hunters less common 1 28 94 276 3 402

T. Thorell 1856 1 1.50 ground hunters common 4 4

Xeroivcosa itdm'ata C.L. Koch 1834 7.00 ground hunters uncommon 1 10 1 12

Minietidae

Ero furcata (Villers 1789) 4.00 specialists common 1 1

Nemesidae

Brachythele denieri (Simon 1916) 12.50 sensing web uncommon 17 2 11 4 34

Oonopidae

SUhouettella loricatida (Roewer 1942) 2.00 ground hunters uncommon 2 2

Oxyopidae

Oxyopes heterophthalmus (Latreille 1804) 6.00 other hunters common 1 1

0. mediterraneits Levy 1999 6.75 other hunters common 2 1 3

Philodroniidae

Philodromus pulclielliis L-ucas 1 846 3.85 other hunters common 1 1

Thanatus atratus Simon 1875 5.30 other hunters uncommon 38 25 59 33 12 3 36 206

T. striatiis C.L. Koch 1845 5.10 other hunters uncommon 7 7

Tihelliis ohloiigiis (Walckenaer 1802) 9.00 other hunters common 1 2 3

Pisauridae

Pisaura mirahilis (Clerck 1757) 13.50 sheet web common 6 4 3 11 1 3 4 32

Salticidac

AeluriUus v-insignitus (C\Qrck. 1757) 5.95 other hunters uncommon 1 5 1 1 1 9

Balias chalyhcdus (Walckenaer 1802) 3.80 other hunters uncommon 1 1

Chalcoscirtus infimus (Simon 1868) 2.50 other hunters uncommon 2 5 5 3 1 16

Euoplirys frontalis (Walckenaer 1802) 3.50 other hunters uncommon 1 1

E. ra/iharhis (Simon 1868) 4.25 other hunters uncommon 1 1

Evarcha arenata (Clerck 1757) 7.00 other hunters uncommon 1 1

E. jneunda (Lucas 1846) 6.10 other hunters uncommon 2 2

Hidiophanas aaratns C.L. Koch 1835 4.85 other hunters uncommon 1 1

//. lineiventris Simon 1868 4.95 other hunters uncommon 1 1

kins haniatus (C.L. Koch 1846) 5.40 other hunters common 1 1

Lcptorcliestes nnitilloides (Lucas 1846) 3.70 other hunters uncommon 1 1

Macaroeris nidicolens (Walckenaer 1802) 5.00 other hunters common 1 1

Ncactha mendvo.sa (Simon 1868) 4.50 other hunters uncommon 2 1 3

Neon rayi (Simon 1875) 2.50 other hunters uncommon 1 1
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Pellenes diagonalis (Simon 1868) 6.50 other hunters uncommon 36 10 46

P. nigrociliatiis {^imon 1875) 5.30 other hunters uncommon 7 11 2 3 23

P. seriatiis (Thorell 1875) 7.75 other hunters uncommon 1 1

Philaeus chrysops (Poda 1761) 7.50 other hunters uncommon 1 1

Phlegra fasciata (Hahn 1826) 6.40 other hunters common 11 6 11 2 3 6 39

P. lineata (C.L. Koch 1846) 3.85 other hunters less common 1 1 2

Pseudeiiophrys obsoleta (Simon 1868) 4.00 other hunters less common 6 1 7

Sitticus penicillatus (Simon 1875) 3.75 other hunters uncommon 2 2

Synageles dahnaticus (Keyserling 1863) 3.00 other hunters common 1 1

Talavera aequipes (O.P.-Cambridge 1871) 2.50 other hunters uncommon 2 1 3

Scytodidae

Scytodes thoracica (Latreille 1802) 5.00 other hunters uncommon 35 4 7 42 1 89

Sparassidae

Microimnata virescens (Clerck 1757) 13.50 other hunters uncommon 1 1

Tetragnathidae

Pachygnatha clercki Sundevall 1823 5.75 orb web common 1 1

P. degeeri Sundevall 1830 3.85 orb web common 2 8 1 11

Tetragnatha montcma Simon 1874 8.50 orb web common 1 1

Theridiidae

Asagena phalerata (Panzer 1801) 4.75 space web less common 2 4 6 1 2 3 18

Cnistulina sticta (O.P.-Cambridge 1861) 2.50 space web less common 1 1 2

Dipoena coracina (C.L. Koch 1837) 2.00 space web common 2 1 5 8

Enophlogmitha thoracica (Hahn 1833) 3.75 space web common 1 1 1 1 4

Episinus tnmcatus Latreille 1809 5.00 space web uncommon 1 1

Euryopis episinoides (Walckenaer 1847) 3.00 space web common 1 1

E. quinqueguttata Thorell 1875 2.50 space web common 2 1 1 1 5

Latrodectus tredecimguttatus (Rossi 1790) 13.00 space web less common 1 1

Phokomma gibbum (Westring 1851) 1.70 space web uncommon 2 2

Robertas mediterraneiis Eskov 1987 3.50 space web less common 1 1

Steatoda albomacidata (De Geer 1778) 6.00 space web less common 4 4

Theridion cinereum Thorell 1875 3.20 space web common 1 1 2

Thomisidae

Monaeses israeliensis Levy 1973 8.50 ambush hunters uncommon 1 1

Ozyptila cf. sanctuaria 3.50 ambush hunters common 9 12 4 6 31

0. praticola (C.L. Koch 1837) 3.50 ambush hunters common 3 3

0. simplex (O.P.-Cambridge 1862) 4.50 ambush hunters common 1 1

Rimcinia grammica (C.L. Koch 1837) 6.35 ambush hunters uncommon 2 2

Synema plorator (O.P.-Cambridge 1872) 5.90 ambush hunters less common 2 7 9

Xysticus caperatus Simon 1875 7.30 ambush hunters common 9 4 37 34 1 1 24 110

X. cristatus (Clerck 1757) 6.35 ambush hunters common 1 1 1 1 4

X. gallicus Simon 1875 9.00 ambush hunters common 2 2 1 1 6

X. graecus C.L. Koch 1837 8.45 ambush hunters common 1 1

X. kempelini Thorell 1872 6.55 ambush hunters common 2 2 10 1 15

X. /:oc/n' Thorell 1872 8.45 ambush hunters common 2 40 32 7 4 14 10 109

X. luctator L. Koch 1870 8.50 ambush hunters common 1 1

X. robustus (Hahn 1832) 9.50 ambush hunters common 4 3 1 8

X. xerodermas Strand 1913 7.75 ambush hunters common 2 2 4

Titanoecidae

Nurscia albomaculata (Lucas 1846) 10.50 space web uncommon 2 2 5 8 8 2 27

Titanoeca flavicoma L. Koch 1872 6.10 space web uncommon 48 84 5 11 4 26 178

T. turkmenia Wunderlich 1995 4.80 space web uncommon 7 7

Zodaridae

Zodarion epirense Brignoli 1984 4.25 specialists uncommon 1 2 2 5

Z. frenatum Simon 1 884 4.00 specialists uncommon 2 11 12 9 2 10 46

Z. granulatum Kulczyn’ski 1908 2.30 specialists uncommon 1 1

Z. morosum Denis 1935 5.55 specialists uncommon 9 9 3 1 4 26

Z. thoni Nosek 1905 4.10 specialists uncommon 2 2

Zoridae

Zora armillata Simon 1878 5.25 ground hunters common 1 1 2

Z. parallela Simon 1878 4.95 ground hunters common 1 1

Z. silvestris Kulczyn’ski 1897 3.75 ground hunters common 1 1
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Love is in the air and on the grounds olfactory and tactile cues elicit visual courtship behavior by

Cyvha males (Araneae: Salticidae)
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Christchurch 8140, New Zealand; -International Centre of Insect Physiology and Ecology (ICIPE), Thomas Odhiambo
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Abstract. Jumping spiders (Salticidae) are known for their complex eyes and exceptional spatial vision, but less is known
about the role of chemoreception in salticid behavior. Here we investigate whether olfactory pheromones (i.e., airborne

chemical signals) from conspecific spiders and their draglines elicit the display behavior typically performed during vision-

based courtship from the males of Cyrhci algerimi (Lucas 1846) and C. ocellata (Kroneberg 1875). We used conspecific and

heterospecific spiders and their draglines as potential sources of chemical cues. We show that olfactory cues from

conspecific females, but not conspecific males or heterospecific females, effectively elicit vision-based courtship from the

males of both Cyrha species. These results demonstrate that C. algeriiia and C. ocellata males make display decisions on the

basis of species- and sex-specific olfactory information. Moreover, even in the absence of a conspecific female spider, female

draglines suffice as a source of olfactory pheromones, illustrating the difficulty of ruling out olfaction when testing for

chemotactile pheromones.

Keywords: Jumping spiders, mate-identification, olfaction, pheromones

It is common for animals to use pheromones in species and

sex identification (Bradbury & Vehrenchamp 2011; Steiger

et al. 2011). However, the literature on pheromones is

dominated by research on insects (Shorey 1976; Carde &
Millar 2004; Symonds & Elgar 2008), (reO, with considerably

less being known about the role of sex pheromones in the

biology of spiders (Gaskett 2007; Schulz 2013).

Arachnologists often make a distinction between chemo-

tactile and olfactory pheromones in the spider literature

(Barth 2001; Foelix 2011), the former depending on contact

chemoreception, and the latter on the detection of airborne

volatile compounds. Although experiments that allow for

contact chemoreception in the presence of web, nest or

dragline silk are common, only a few spider species have been

shown experimentally to rely on olfactory communication

(Gaskett 2007; Uhl 2013).

Jumping spiders (Salticidae) are better known for their

exceptional capacity for spatial vision (Land & Nilsson 2002;

Harland et al. 2012), and for their intricate and elaborate vision-

based behavior (Foelix 201 1 ), including vision-based courtship

displays (Jackson & Pollard 1997). However, numerous

examples are also known of salticids expressing refined abilities

for using chemical, acoustic, tactile, and percussion signals

during intraspecific interactions (Jackson &. Pollard 1997; Elias

et al. 2010). Although experiments allowing for response to

chemotactile pheromones are more common in the salticid

literature (Uhl 2013), 30 species from 17 salticid genera are

currently known to use specifically olfactory sex pheromones

(Willey & Jackson 1993; Jackson & Cross 2011; Nelson et al.

2012; Cerveira & Jackson 2013).

Our interest here is in a particular cross-modality effect that

until now has only been described in one salticid species,

Evarcha culicivora Wesolowska & Jackson 2003 (Cross &

’Current address: Centre for Environmental and Marine Studies

(CESAM), Faculdade de Cieneias, Universidade de Lisboa, Edit'. C2,

Campo Grande, 1749-016 Lisboa, Portugal. E-mail: ana.cerveira(g

gmail.com

Jackson 2013). In E. culicivora. chemoreception elicits vision-

based courtship. This cross-modality effect is of particular

interest because it appears to be contrary to Foelix’s (2011)

hypothesis that chemotactile pheromones function primarily

by eliciting the spider’s courtship displays and olfactory

pheromones function primarily by attracting the spider to a

potential mate’s location.

As a step toward determining how common it is within the

Salticidae for pheromones to elicit vision-based display, we

carried out experiments using Cyrha algerimi (Lucas 1846) and

C. ocellata (Kroneberg 1875). The rationale for using these

two species comes from previous research showing that the

males of these species are attracted to the odor of conspecific

females (Cerveira & Jackson 2013). However, whether

chemical stimuli might elicit vision-based displays in these

species has not been investigated before.

We have also been interested in the distinction between

olfactory and chemotactile pheromones. Two classes of

sensory organs mediate chemoreception in spiders. Tip-pore

sensilla are specialized hairs on the spider’s palps and forelegs

that function primarily as contact chemoreceptors (Foelix

1970; Harris and Mill 1973; Tichy et al. 2001; Jiao et al. 201 1),

whereas tarsal organs are small pits, or sometimes rods, on the

dorsal side of each leg tarsus that function primarily as

olfactory receptors (Foelix & Chu-Wang 1973; Dumpert 1978;

but see Ehn & Tichy 1996). However, when only the spider’s

behavior is recorded during spider-pheromone experiments,

we need to acknowledge the difficulties that can arise when

trying to determine whether the behavior observed is mediated

by olfaction or by contact chemoreception. Although we can

easily rule out contact chemoreception by ensuring that the

test spider does not touch the putative source of the chemical

stimuli, finding methods that test for chemotactile phero-

mones while preventing olfaction is a formidable problem.

Solving this problem is not our goal, but we illustrate its

relevance by showing that dragline odor can elicit vision-based

courtship display.

374
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METHODS
All test spiders were taken from laboratory cultures (second

and third generation; origin for C. algerimi, Sintra, Portugal;

for C. ocellata, Mbita Point, Kenya). Voucher specimens of C.

algerimi and C. ocellata have been deposited at the National

Museum of Kenya (Nairobi), the Museum of Natural History

(Wroclaw University, Poland) and the Florida State Collec-

tion of Arthropods (Gainesville, Florida). We adopted

standard spider-laboratory rearing and testing procedures

and provide only critical details here. Further details can be

found elsewhere (see: Jackson & Hallas 1986; Cerveira &
Jackson 2011, 2013).

Spiders were kept individually in clear plastic cages

(diameter 55 mm, height 100 mm). A hole in the top was

used for introducing prey and another hole covered with a

metal screen allowed air to enter the cage. The screen was

heat-sealed to the plastic beside the hole. To ensure that the

spider always had access to water, we made a hole centered in

the bottom of the cage and placed the cage on a plastic pot

filled with water. A cotton roll (“dental wick”) was positioned

in this hole with one end protruding a few millimeters into the

cage and the other extending outside the cage into the pot of

water. We replaced the cotton rolls whenever mold appeared

on them. We also removed prey remains and cleaned the cages

frequently. Spiders were maintained on a mixed diet of spiders

(Argyrodes spp. and Pardosa spp.) and non-biting midges

(Chaoboridae and Chironomidae) collected from the field as

needed.

For environmental enrichment, which is known to be

important when rearing salticids for behavioral experiments

in the laboratory (Carducci & Jakob 2000), each cage

contained a piece of dark cardboard folded in a bellows shape

and kept in place inside the cage by a thin bamboo stick that

pierced the folds in the cardboard like a skewer (Fig. 1 ).

Resident spiders frequently walked on, and captured prey on,

the cardboard. Resident spiders also used the darker recesses

in the folded cardboard as nest-building and resting sites. Only

adult males were used as test spiders because, consistent with a

trend among animals as a whole (Trivers 1972; Andersson

1994), Cyrha males are more active than females at displaying

during courtship (Jackson 1990).

Our test apparatus was a plastic Petri dish (diameter 60 mm)
sitting in the center of a glass-top table (300 mm X 300 mm,
glass 5 mm thick). Wooden legs held the table top 270 mm
above the laboratory bench (Fig. 2). The Petri dish had two

holes (diameter 16 mm), one in its base (stimulus opening) and

the other in the lid (entrance opening). The holes were plugged

with perforated rubber stoppers. The narrower end of the

stopper was the same diameter (16 mm) as the hole and

therefore fit evenly with the inner surface of the dish. The hole

in each stopper held a glass tube (diameter 8 mm; length

45 mm). The tube in the entrance-opening stopper was called

the “entrance tube” and the hole in the stimulus-opening

stopper was called the “stimulus tube.” A matching hole of

similar diameter (18 mm) in the tabletop allowed the stimulus

tube to fit through the table top and connect via silicone

tubing to a glass tube (diameter 15 mm; length 90 mm) called

the “odor chamber.” The odor chamber was in turn connected

via silicone tubing to an air pump. A Matheson FM-1000 fiow

meter between the pump and the odor chamber maintained

.J75

Figure 1.—Salticicl maintenance cage. Each cage (diameter 55 mm,
height 1 00 mm) contained a piece of dark cardboard folded in a

bellows shape kept in place by a thin bamboo stick pierced through

the cardboard folds. A hole in the top was used for introducing prey.

Water provided via cotton wick partially immersed in water and

extending through base of cage.

constant airfiow set at 1500 ml/min. There was no evidence to

suggest that this airfiow setting had any adverse effects on the

test spider’s behavior. We used nylon netting to cover the

openings of the glass tubes and to ensure the spiders could not

leave the Petri dish.

Three testing methods were used with both Cyrha species:

olfactory, tactile and olfactory-tactile tests. In olfactory tests,

there was either a source spider or its draglines in the odor

chamber, but no draglines were present in the Petri dish. The

odor chamber was empty during tactile tests, but the Petri dish

contained draglines from the source spider. In olfactory-tactile

tests, the odor chamber contained a conspecific female and the

Petri dish contained draglines from a heterospecific female. In

olfactory tests and in tactile tests, we used males and females

of both species as odor sources. However, in olfactory-tactile

tests, only female spiders and their draglines provided odor

cues.

We collected draglines with a glass Petri dish (diameter

60 mm) lined with two circular sheets of blotting paper

(diameter 60 mm), one for the inside base and one for the

inside lid. The blotting paper was held in place by four squares

(each side 10 mm) of double-sided sticky tape spaced evenly
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Entrance tube

Figure 2.- Apparatus for display-elicitation testing. Three test types were performed: olfactory, tactile and olfactory-tactile. Depending on
test type, odor chamber and Petri dish may contain source spider or the source-spider’s draglines. See text for details.

around the inside perimeter of the dish. At 0800 h the source

spider was put in the dish, and the dish was then oriented

upright using a clamp so that neither of the two circles of

blotting paper was above the other. Before testing began on

the following day, we opened the Petri dish, removed the

source spider and the sticky tape, chose one of the two pieces

of blotting-paper circles at random and placed this circle silk-

side-up on the base of the Petri dish or rolled it up loosely and

inserted it into the odor chamber. The odor source, either a

source spider or its draglines, was put in the odor chamber
15 min before testing began.

Test spiders were introduced into the apparatus using a

glass tube (length 50 mm, diameter 16 mm) with each end

plugged by a rubber stopper. After a 5-niin acclimation

period, we removed one of the stoppers and inserted the tube

into the entrance opening of the Petri dish. If the spider was

still in the tube after 2 min, we gently nudged the spider using

a soft brush so that it entered the Petri dish.

Data collection began when the spider entered the dish and

continued for 10 min. During the test, we recorded all

instances of test spiders displaying. We defined ‘display’ as

behavior typically seen in vision-based intraspecific interac-

tions, but only rarely seen in any other context. Here we
brielly describe four specific displays (quiver-swim-wave,

twitch-abdomen, posture, and dance) that were observed

during our experiments, but additional details concerning

these displays can be found elsewhere (Jackson 1990). We
never saw any of these displays during preliminary testing of

Cyrha individuals in the apparatus with clean blotting paper in

the Petri dish and the odor chamber empty.

Quiver-swim-wave is a modified form of swim-wave, and

swim-wave is characteristic of both sexes of Cyrha during

normal locomotion. When swim-waving, both sexes of Cyrha

move their forelegs up and to the side and then, without

pausing, move them more slowly down and inward. While

moving down and inward, the forelegs move across the

substratum. At the end of the cycle, the tarsi of the left and

right legs are either pointing forward about parallel to each

other or converging toward each other. Quiver-swim-waving is

similar to swim-waving except for the distinctive quivering

motion of the legs during the down-inward phase. Every test

spider that engaged in display performed quiver-swim-waving

regardless of whether it also performed any of the other three

displays.

A spider twitches its abdomen in bouts lasting 1-10 s.

During a bout, the spider repeatedly and rapidly flexes its

abdomen up from parallel to the substratum and then, after a

momentary pause, forcefully moves it back down to parallel to

the substratum.

While walking or standing, the spider postures by holding

its forelegs elevated and stationary. The two legs are about

parallel to the substratum and to each other, and they point

straight ahead or converge somewhat in front of the spider.

Dancing is any of three distinctive styles of stepping.

Sometimes the dancing spider traces a zigzagging path

forward. At other times, it repeatedly makes a semicircle in

one direction and then in the other direction. Another style of

dancing consists of repeatedly stepping forward and then

backwards. Spiders always posture while dancing.

Experiments were carried out under dim light, since it is

known from other studies that Cyrha may become non-

responsive in olfactometer experiments carried out under high

levels of ambient light (Cerveira & Jackson 2011). We placed

the apparatus inside a brown wooden box (length 500 mni,
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Table 1.—Response by adult males of Cyrba algerina and C. ocelkita in three display-elicitation experiments using conspccific and

heterospecific males and females as potential pheromone sources (tactile: draglines present, no additional odor cue present in odor chamber;

olfactory: draglines absent, odor cue present in odor chamber; olfactory-tactile: draglines and additional odor cue present in odor chamber). See

text and Fig. 2 for details on testing methods, ti = 25 for each row.

Test Test spider Cue in stimulus chamber Cue in petri dish No that displayed

Olfactory C. algerina male C. algerina female None 6

C. ocellata female None 0

C. algerina male None 0

C. algerina female draglines None 3

C. ocellata female draglines None 0

C. ocellata male draglines None 0

C. ocellata male C. ocellata female None 8

C. algerina female None 0

C. ocellata male None 0

C. ocellata female draglines None 3

C. algerina female draglines None 0

C. ocellata male draglines None 0

Tactile C. algerina male None C algerina female draglines 18

None C. ocellata female draglines 0

None C. algerina male draglines 0

C. ocellata male None C. ocellata female draglines QQ

None C. algerina female draglines 0

None C. ocellata male draglines 0

Olfactory-tactile C. algerina male C. algerina female C. ocellata female draglines 16

C. ocellata male C. ocellata female C. algerina female draglines 19

width 500 mm, height 500 mm). An opening (width 150 mm,
height 500 mm) on one of the box’s sides allowed access to the

testing apparatus. A black cloth curtain fastened to this side of

the box was lowered before testing began. A window (width

150 mm, height 200 mm) cut out of the curtain was used for

observing the spider, and the window also allowed some light

into the box. During testing, the ambient light level at the Petri

dish was approximately 10 cd/m^ (International Light IL 1400

radiometer in integrated mode).

All testing was carried out between 0800 and 1200 h

(laboratory photoperiod 12L:12D, lights on 0700 h). We never

used an individual spider more than once in any experiment as

a test spider or as a source spider. For standardization, all test

and source spiders were unmated adults that had matured 2-

3 weeks before testing. The distribution of post-maturation

times for each treatment was roughly the same. No spiders had

any direct contact with other individuals of either Cyrba

species before or during testing. For standardizing hunger

level, all test and source spiders were kept without food for 4-

5 days before testing. We used chi-square tests of indepen-

dence for comparing data from different experiments (null

hypothesis: findings in one experiment same as in another

experiment).

RESULTS

Olfactory tests.—As no male spiders from either Cyrba

species displayed when the odor source was from a conspecific

male or a heterospecific female, data from these tests were

pooled. When the odor source was a conspecific female, we
observed displaying in 24% of the trials in which the test

spiders were C. algerina and in 32% of the trials when the test

spiders were C. ocellata. Quiver-swim-waving alone was seen

in 50% and 37.5% of the instances of displaying by C. algerina

and C. ocellata males, respectively. In the remaining instances,

we saw quiver-swim-waving in conjunction with other display

behavior (C. algerina - 33.3% postured without dancing,

16.7% twitched their abdomens; C. ocellata - 25% twitched

their abdomens, 25% twitched their abdomens and also

postured, 12.5% postured without dancing and also while

they danced).

When the odor sources were the draglines of conspecific

females, 12% of the test spiders of both species displayed. Of
the test spiders that displayed, 33% of these individuals quiver-

swim-waved only, 33% also postured and 33% also twitched

their abdomens.

Significantly more males displayed when the odor came
from a conspecific female or a conspecific female's draglines

instead of from a heterospecific female or a conspecific male

(C. algerina - odor of a conspecific female, X~ = 13.04, P <
0.001; odor of a conspecific female's draglines, X~ — 6.25, P <
0.05; C ocellata - txior of a conspecific female, X~ — 17.91,

P < 0.001; odor of a conspecific female's draglines, X" = 6.25,

P < 0.05; Table 1). Although odor from conspecific females

elicited display more often than odor from conspecific females’

draglines, the difference was not significant for either C
algerina (X^ = 1.22, P = 0.269) or C. ocellata (X~ = 2.91, P =
0.081).

Tactile tests.—As no male spiders displayed when the

draglines were from conspecific males or heterospecific

females, we pooled data from these tests. However, when the

draglines used came from conspccific females, most Cyrba

males displayed (C. algerina: 72% of tests; C. ocellata: 88% of

tests). Significantly more test spiders displayed in tactile tests

when the draglines were from conspecific females instead

of heterospecific females or conspecific males (C. algerina,

X- = 47.37, P < 0.001; C. ocellata, X' = 62.26, P < 0.001).

Quiver-swim-waving alone was seen in 66.7% and 50% of

the instances of displaying by C. algerina and C. ocellata,

respectively. In the remaining instances, we observed quiver-

swim-waving in conjunction with other display behavior
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(C algeriiia - 11.1% postured without dancing, 11.1%

twitched their abdomens, 11.1% twitched their abdomens
and also postured without dancing; C. ucellata - 27.3%

postured without dancing, 13.6% twitched their abdomens,

4.6% postured without dancing and also while they danced,

4.6% twitched their abdomens and also postured without

dancing and while they danced).

Olfactory-tactile tests.—When the odor chamber housed a

conspecific female and there were draglines of a heterospecific

female in the Petri dish, C. algerina and C. ocellata males

displayed in 64% and 76% of the tests, respectively. Quiver-

swim-waving alone was seen in 56.3% and 63.2% of the

instances of displaying by C algerina and C. ocellata males,

respectively. In the remaining instances, quiver-swim-waving

was seen in conjunction with other display behavior (C.

algerina - 12.5% postured without dancing, 12.5% twitched

their abdomens, 12.5% twitched their abdomens and also

postured without dancing, 6.2% twitched their abdomens,

postured without dancing and also while they danced; C.

ocellata - 10.5% postured without dancing, 15.8% twitched

their abdomens, 5.3% postured without dancing and also

while they danced, 5.3% twitched their abdomens, postured

without dancing and while they danced).

Comparisons.—When cues came from conspecific females,

significantly more Cyrha males displayed during tactile tests

than during olfactory tests (for olfactory tests, we pooled data

from tests in which the odor source was a spider in the odor

chamber with data from tests in which the odor source in the

odor chamber was only the spider’s draglines; C. algerina,

X- = 21.09, P < 0.001; C. ocellata, X' = 29.46, P < 0.001).

The number of Cyrha males that displayed in olfactory-

tactile tests (i.e., tests in which males could touch a

heterospecific female’s draglines while in the presence of the

odor from a conspecific female) was significantly higher than

the number of males that displayed during olfactory tests (i.e.,

tests in which a conspecific female spider was the odor source

in the odor chamber and there were no draglines from another

spider in the Petri dish) (C. algerina, X~ = 8.12, P < 0.05;

C. ocellata, X- = 9.74, P < 0.05).

Significantly more Cyrha males displayed in olfactory-

tactile tests than in tactile tests in which the draglines they

could touch came from heterospecific females (C. algerina,

X- = 23.53, P < O.OOl; C. ocellata, X' = 30.65, P < 0.001).

However, the number of males that displayed during tactile

tests in which the draglines came from conspecific females was

not significantly different from the number that displayed

during olfactory-tactile tests (C. algerina, X~ = 0.37, P —

0.544; C. ocellata, X' = 1.22, P = 0.269).

DISCUSSION

Male C. algerina and C ocellata initiated courtship when
placed in a Petri dish in which a conspecific female had been

present, but not when a heterospecific female or a conspecific

male had been present. This type of evidence is commonly
used for concluding that conspecific female draglines carry

chemotactile pheromones and that these pheromones elicit

male courtship behavior. If the tactile trials had been the only

trials we carried out, we might have overlooked how tactile

trials did not actually rule out olfaction. However, the fact

that Cyrha males also displayed when they could not touch the

draglines, but could detect the odor of draglines, suggests that

female draglines also carry olfactory pheromones, and that

these alone can elicit vision-based display behavior.

Knowing that the draglines of conspecific females are a

source of olfactory pheromones, regardless of whether they

are also a source of chemotactile pheromones, makes the

outcome of tactile testing on its own more difficult to

interpret. Our findings show that significantly more males

initiated courtship during tactile tests than during olfactory

tests. One possible explanation for this result is that tactile

tests provided Cyrha males with two chemical-cue types

(chemotactile and olfactory) instead of a single one (olfactory)

and that the additive effects from these two kinds of chemical

stimulation caused responses to be more frequent when
draglines were present in the Petri dish.

However, results from olfactory-tactile tests suggest a

different hypothesis. In these trials, the male was exposed to

the odor of a conspecific female while in the presence of

draglines from a female heterospecific. On their own,

heterospecific female draglines did not elicit display during

olfactory or tactile testing, suggesting that chemical cues from

heterospecific females are not relevant to the male’s display

-

decisions. Yet the number of males that initiated vision-based

display behavior in olfactory-tactile tests when using hetero-

specific female draglines was similar to the number of males

that displayed during tactile tests using conspecific female

draglines, and significantly higher than in olfactory tests when
conspecific females were used as the odor source.

Hence, results from olfactory-tactile testing suggest that

detecting purely tactile stimuli by touching draglines can

increase a male’s inclination to initiate courtship even when

these are draglines from heterospecific females. It should be

noted, however, that the heterospecific females used in our

experiments were congeneric with the male test spiders and

as such our experiments do not rule out an alternative

hypothesis. Males might detect the pheromones present on the

draglines of heterospecife females, but these heterospecific

pheromones might not suffice as courtship-eliciting stimuli;

rather, they may have an additive effect when combined with

the pheromones from a conspecific female in the odor

chamber.

More experimental work is needed that aims at determining

the actual origin of the pheromones generally attributed to

draglines. Typically the salticid is left with blotting paper on

which to deposit draglines. As draglines seem to be the

dominant deposit left by spiders, it is convenient to attribute

the results of these experiments to dragline-associated

pheromones, but it is important to rule out the possibility

that other deposits (e.g., feces) provide pheromone sources.

Another possibility is that the blotting paper becomes

impregnated with olfactory pheromones from the female

spider’s body and that these pheromones might also infiuence

the test spider’s behavior during tactile tests.

Although the males of 30 salticid species are known to be

attracted to the odor of conspecific females in olfactometer

experiments (Nelson et al. 2012), adoption of vision-based

courtship in response to female conspecific chemical signals

has only been shown for three of them, C. algerina and C.

ocellata in the present study and E. culicivora in an earlier study

(Cross & Jackson 2013). However, in addition to vision-based
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displays, many salticids, including C. algerimi and C ocellatci,

are also known to adopt a non-visual mode of courtship during

encounters at nests or webs under dim light. Experiments have

shown that, even in the absence of a resident female, contact

with nest or web silk from conspecific females elicits male non-

visual courtship behavior (Jackson 1987; Jackson & Pollard

1997). However, species from the genus Cyrha may be inclined

to capture prey (Guseinov et al. 2004; Cerveira & Jackson 2011)

and display under dim light to an extent that is unusual for

salticids (Cerveira & Jackson unpublished data). An unusual

level of activity under dim light might make olfactory

pheromones that alert males to the presence of unseen

prospective mates unusually important.

We are currently investigating a hypothesis, which, if

confirmed, would be an example of males using a mate-

locating tactic similar to a predatory tactic (‘speculative

hunting’; see Curio 1976) adopted by another salticid, Portia

fimhriata (Doleschall 1859). In the presence of a particular

prey odor, P. fimhriata is known to make undirected leaps.

This behavior stimulates the prey to orient toward the leaping

predator, revealing its location (Clark et al. 2000). We propose

that, by initiating visible courtship after detecting pheromones

in the absence of a visible target, Cyrha males solicit a

response (i.e., displaying or becoming more active) by a not-

yet-seen female, thereby making the female more easily seen by

the male.
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.

Abstract. Cryptic animals tend to spend most of their lives keeping still. The majority of predators, however, including

those cryptically colored, are forced to move in order to find and approach their prey. For such predators visibility may be

an important factor influencing predatory behavior. Therefore we can expect differences in the way they approach their

prey on backgrounds with different camouflaging properties. To test this, we examined the behavior of YUemis arenariiis

Menge 1868 (Araneae: Salticidae), a cryptically colored jumping spider, hunting leafhoppers on backgrounds matching and

non-matching for the spiders. Juvenile and female Y. arenarius are cryptic on light sand, but males lose their cryptic

coloration for this background after their final molt. We designed an experiment to determine if increased visibility of the

spiders influenced their predatory behavior. We found that background color had a significant effect on jumping distance,

approaching speed and predatory success. On the light background cryptic spiders attacked from closer distances,

approached prey with faster speeds and had higher success than on the dark background. Differences in approaching speed

between males before and after final molt suggest a combined effect of background color and ontogenetic change of body

coloration on the predatory decisions of these male spiders.

Keywords: Behavioral plasticity, crypsis, predatory behavior, salticid spider, Yllenus arenarius

Crypsis is a common adaptation in the animal world (Cott

1957; Lima & Dill 1990; Ruxton et al. 2004). It decreases the

risk of detection and recognition by other animals, which is

crucial for the fitness of both prey and predator. However, this

adaptation has only been well studied and described in detail

for prey species (reviewed in Ruxton et al. 2004; Stevens 2007)

and ambushing predators (Heiling et al. 2005; Chittka 2001;

Thery & Casas 2002), while the role of cryptic coloration

during active hunting has received very little attention (Bear &
Hasson 1997). The general aim of this study was to examine

the influence of this adaptation on the predatory behavior and

hunting success of a cryptically colored spider.

One of the major differences between predators and prey,

in terms of the risk of being detected, is their general mobil-

ity. Prey with a camouflaging adaptation tend to remain

motionless, and when they must move from one place to

another, they freeze as soon as they detect a predator (Broom

& Ruxton 2005; Eilam 2005). Some predators use a similar

mechanism to approach their prey. Sit-and-wait and ambush
predators wait for their prey, keeping still until the prey is

within striking distance (Curio 1976; Thery et al. 2005).

Stalking predators tend to freeze when their prey stops moving

and only continue their approach when the prey starts moving

again and its ability to detect the predator is usually impaired

(Schaller 1972; Harland & Jackson 2001). These results and

other evidence suggest that background matching may not be

effective at reducing the risk of detection when animals are in

motion (loannou & Krause 2009). A number of cryptically

colored predators cannot remain motionless as they have to

search for prey and, when the prey is located, approach it. This

leads to the question of the extent to which cryptic coloration

is effective, not only in the moments when the predator

remains still but also when the predator is in motion (e.g.,

during active hunting). The first objective of this study was to

determine whether the hunting success of a cryptically colored

jumping spider that stalks its prey is higher on camouflaging

than on contrasting background.

Jumping spiders are known to modify their behavior in

response to various cues in prey capture, in order to avoid

being detected by their prey. They hunt differently when
approaching dangerous prey (Harland & Jackson 2002), when

the prey is facing them (Li et al. 2003), when the prey’s ability

to defend itself is impaired (Wilcox et al. 1996; Li & Jackson

2003) or when the prey can easily escape (Edwards & Jackson

1993; Bear & Hasson 1997; Bartos 2007). The second objective

of this study was to determine whether the cryptically colored

spider changes its behavior based on the camouflaging

properties of the background.

Bear and Hasson (1997) conducted a study dealing with the

influence of a spider’s visibility on its predatory decisions.

They found that Plexippus paykulU (Audouin 1826) changed

its hunting behavior depending on its visibility to the prey and

prey type. Plexippus paykulU approached maggots with higher

velocities than adult flies and attacked maggots from shorter

distances than flies. However, Bear & Hasson did not measure

the predatory success of the spiders. In our study we explored

similar questions using a different experimental setup. We
used a highly cryptic jumping spider, Yllenus arenarius Menge

1868, and tested it with different types of living prey instead of

dead prey. We also measured the predatory success of spiders

on different backgrounds.

Many animals change their appearance during ontogeny,

and some of them lose their cryptic coloration. A classic

example of this process can be found in sexually dimorphic

animals. Adult males and females of such animals may differ

markedly in appearance, while immature individuals from

both sexes closely resemble each other (Andersson 1994).

Typically, females remain drab or cryptic after maturation,

but males change their coloration and often become conspic-

uous, which can be a serious handicap in predator avoidance

381
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Figures la-d.—Spiders and backgrounds used in the experiments, a, c. Adult female; b, d. Adult male; a, b. Light background; c, d. Dark

background. Female in figures a and c is the same individual (note right leg 1 shorter in both figures). The male in figures b and d is also the

same individual.

(Endler 1983; Magnhagen 1991; Ziik & Kollurii 1998). It is

very likely that the loss of cryptic coloration may also affect

hunting success; however, this issue has not been studied.

The third objective of this study was to determine whether

ontogenetic changes in a predator’s conspicuousness are ac-

companied by corresponding changes in its decisions on how
to hunt and in its hunting success.

METHODS
The predator.—We used Yllenus arenarius, a euryphagous

jumping spider that stalks its prey, as the model for this study

(Bartos 2007). This cryptically colored spider lives on the bare

sandy dunes of the central and eastern Palearctic. There are

two primary substrates with different camouflaging properties

in the natural habitat of Y. arenarius: light, loose sand and

dark patches of sand covered by a matt of lichens and algae.

Light sand occurs in the majority of open areas, especially in

the interior of the dune. Dark sand is a rare substrate that

occurs on the outskirts of the dune. It appears as a result of

primary succession of light sand. Light sand is a camouflaging

background for females throughout their lives and for males

until their final molt. The colors and patterns of these spiders

closely match those of the sand, and if the spiders do not move
they are very difficult to detect (Fig. 1). Dark sand often

creates a patchwork with areas of light sand, and has

camouflaging properties for adult males, but not for females

and subadult males.

This spider is long lived. It has the longest reported lifespan

among jumping spiders (Bartos 2005) and for the majority of

its life cycle, 15 months from hatching (including six months of

its first winter hibernation), males remain light in color and

their coloration is indistinguishable from female coloration

(M. Bartos personal observation). Only after their final molt

do males develop secondary sexual traits, and for approxi-

mately the last 9.5 months of their lives (including six months

of their second winter hibernation) they are brown with grey-

brown annulations on their pedipalps and legs.

In our experiments we used Y. arenarius from two age

groups: shortly before their final molt and shortly after their

final molt. Spiders in the first group, referred to as subadults,

were collected from early to mid-July, shortly before their final

molt when they were 14-15 months old. Spiders in the second

group, referred to as adults, were collected from mid-August

to mid-September, shortly after their final molt when they

were 15-16 months old. Based on previous field observations,

we knew that these spiders hatch and molt synchronously.

Using a method developed in past experiments, we could

precisely estimate the spiders’ ages on the basis of their

phenology, size and maturity (Bartos 2005). Before the final

molt we used pedipalp development to determine the sex of an

individual. Male pedipalps become swollen a few weeks before

their final molt thus enabling reliable sex determination. After

the final molt we determined sex on the basis of the spider’s

general appearance. Light-colored females (subadult and

adult) and subadult males were referred to as light spiders

throughout these experiments due to their light coloration.

Adult males, which are dark brown in color, were referred to

as dark spiders (Fig. 1).

We collected all spiders from a dune in central Poland

(Kwilno, 51°59'N, 19°30'E). In order to reduce the influence

of laboratory conditions on the behavior of T. arearius we

carried out the experiments the same day or the day after we

collected the specimens. Before the experiments we kept the

spiders individually in glass containers (10 cm height, 10 cm
by 10 cm width) with a layer of dune sand on the bottom.

We released the spiders into the field after completing the
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experiments. To avoid using the same spiders more than once

we released them in areas isolated by dense vegetation from

where we collected spiders for experiments later in the season.

The prey.—We chose small (3^ mm body length), light grey

leafhoppers Psammotetlix sp. (Hemiptera: Cicadellidae), as

the prey species in our experiments. This species moves

unwillingly, but has a high escape potential (M. Bartos

personal observation) due to its strong jumping legs (Burrows

2007). These leafhoppers are common in the natural diet of

Y. arenarius (Bartos 2011). In earlier studies of Y. arenarius,

it was observed that the spider uses prey-specific hunting

behavior for catching this leafliopper (Bartos 2007, 2008). We
collected leafhoppers in the field by sweep-netting dune grass

on the day of the experiment or the day before and held them

individually in plastic tubes. In order to reduce mortality of

the prey, we stored them in a refrigerator at 5°C and took

them out 15 min before the experiment started. Each prey item

offered to a spider was within the size range of 60% ± 10% of

the spider’s body length, which is the prey size preferred by Y.

arenarius (Bartos 2011). We measured the body length of prey

and spiders with a stereomicroscope and a measuring ocular.

We chose each prey item randomly for the experiments.

General methods.—We carried out the experiments within a

white cardboard arena (15 cm high by 20 cm diameter) with a

1-cm-thick sand layer on the bottom. We used two types of

background: a) light natural sand (camouflaging for light

spiders), and b) dark sand, which was the natural sand dyed

dark brown (camouflaging only for adult males) (Fig. 1). We
dyed sand with a brown food dye that is non-toxic for spiders

and their prey.

In the experiments we visually judged spider camouflage.

Some insects and jumping spiders are, however, sensitive to

UV light (Yamashita & Tateda 1976; Peaslee & Wilson 1989;

Briscoe & Chittka 2001), which is not perceived by the human
eye. Jumping spiders may also be dimorphic under UV (Lim &.

Li 2006; Lim et al. 2007). In the laboratory we used only

artificial light sources with very low intensity of UV light

(incandescent bulb) or emitting UV-C in spectra not detected

by insects and jumping spiders (Li et al. 2008) (fluorescent

tube ceiling lights emitting UV waves around 254 nm).

Furthermore, the spiders were tested on highly contrasting

or matching backgrounds illuminated with a high intensity of

visible light; therefore, it is unlikely that such a low intensity of

UV light produced by the light sources could have a significant

effect on the spiders’ overall visibility.

In the experiments we had eight different sets of spiders:

subadult males, subadult females, adult males, adult females

tested on light background and siibadult males, subadult

females, adult males, adult females tested on dark background

(Fig. 1). For the experiments we chose each spider randomly

and used it only once in the tests. We first dropped a spider

into the arena and after one min we dropped a prey item 8 cm
from the spider. The prey and the spider were dropped

through non-transparent plastic tubes. We left the prey with

the spider for 15 min and recorded the interaction using a

video camera placed above the arena. Sand surface was
brushed between tests to remove draglines and after that the

surface layer (about 5 mm thick) was removed. The arena was
then refilled with new sand up to the previous level. All the

experiments took place between 09:00 and 16:00 (laboratory

subadult adult subadult adult

Light background Dark background

Figure 2.—Jumping distance of subadult and adult males and

females of Yllemts arenarius on leafhoppers (Psammotettix sp.) on

light and dark backgrounds. Central points are means, whiskers

are ± 1.96SE.

light regime, 12L:12D, lights on at 08:00). Lighting was from a

lOOW PILA incandescent bulb positioned 0.5 m above the

arena and by fluorescent tube ceiling lights 2 m above the

arena.

We recorded hunting success and measured jumping

distance and approaching speed for each encounter. Distances

and velocities were measured in Corel Draw 9.0 with a

millimeter scale recorded together with the hunting sequence.

Measurements were made in screen captures. Velocities were

calculated based on the distance measurements and camera

recording speed (25 frames per second). Because spiders

decelerated while approaching their prey and jumping distance

was different on different backgrounds, we always measured

the approaching speed a fixed distance from the point of the

spider’s jump (5-1 5mm). Since subadult and adult spiders are

of similar size (Bartos 2005), we directly compared their

jumping distances and approaching speeds without any

correction for size changes due to molt. Moreover, there was

no difference in distances and velocities between the age

groups except for the changes connected with the loss of

camouflage in males (subadult versus adult males on light and

dark backgrounds) (Figs. 2, 3). We only used measurements

from the trials during which the prey did not move, because

the spiders’ behavior (especially approaching speed) depends

on the prey’s behavior (if prey moves more quickly, the spider

approaches more quickly) (M. Bartos unpublished results).

The majority of leafhoppers remained motionless after

dropping into the arena; therefore, the trials in which the

prey moved during spider approach constituted less than 20%
of initial data in each of eight testing groups. From the tests on

the light background we used 19 of 23 trials with subadult

females, 22 of 26 with subadult males, 22 of 25 with adult

females and 18 of 21 with adult males. From tests on the dark

background we used 20 of 24 trials with subadult females, 19

of 23 with subadiilt males, 25 of 30 with adult females and 25

of 29 with adult males.
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Light background Dark Background

Figure 3.—Approaching speed of subadult and adult males and

females of Ylleinis arenarius on leafhoppers {Pscimmotettix sp.) on

light and dark backgrounds. Central points are means, whiskers

are ±1.96SE.

Voucher specimens of Y. arenarius were deposited in the

Arachnological Collection of the Department of Zoology,

University of Podlasie, Siedlce, Poland.

Data analysis.—We used general linear models to analyze

the influence of background color, spider age and spider sex

on jumping distance and approaching speed. All independent

variables were used as categorical fixed factors. To reduce

heteroscedasticity we applied a Box-Cox transformation on

jumping distance and approaching speed. We performed post

hoc comparisons using Tukey’s unequal n HSD test. To
analyze the influence of background color, spider age and

spider sex on predatory success we used generalized linear

models with binomial error and logit link functions. In the

model we included single variables (background, sex, age) and

the interaction among the three variables (background*sex*

age). The significance of particular independent effects was

assessed with the Wald statistic (W). The stepwise procedures

of backward removal were used to select for significant

independent variables. We performed all analyses using

Statistica 10 software (StatSoft, Inc.). Statistical procedures

followed those described by Zar (1984).

RESULTS

Background color significantly affected jumping distance

(F = 148.95, df = \, P < 0.0001). On the light background all

spiders moved closer to their prey before jumping than did

spiders on the dark background (Fig. 2). These results

occurred irrespective of the spiders’ age, sex and the

interaction of these factors.

Background color also influenced approaching speed {F —

161.62, df= 1, P < 0.0001). Only spider sex and spider age

were insignificant factors (Fig. 3). The interaction of back-

ground color, age and sex was, however, significant {F = 6.38,

df — \, P < 0.02). Spiders that hunted on the light background

had significantly higher approaching speeds than those on the

dark background. Differences between light spiders approach-

ing on light and dark background were highly significant

Female Male Female Male Female Male Female Male

subadult adult subadult adult

Light background Dark background

Figure 4.—Predatory success of subadult and adult males and

females of YUeniis arenarius hunting leafhoppers (Psammotettix sp.)

on light and dark backgrounds.

I

(Tukey’s unequal n HSD: all P < 0.0001 ). However, the speed

of approach of adult males on different backgrounds did not
,

differ. The mean speed of adult males was, however, about

30% lower than that of subadult males (and other spiders) on '

the light background. More data for adult males might change i

the results. Adult (dark) males approached more quickly on ?

the dark background than light spiders (Tukey’s unequal n '

HSD: all P < 0.01), but slower than light spiders on light
|

backgrounds (Tukey’s unequal n HSD: all P < 0.01).
‘

Background color significantly affected predatory success

(W = 4.06, df ^ 1, P < 0.05). Spider sex, spider age and the

interaction of these factors did not affect success (Fig. 4). j

Spiders hunting on a light background had higher predatory f

success than those on a dark background. These findings

appear to result from the differences between light-colored il

spiders on light and dark backgrounds, as dark-colored males J

had the lowest success of all spiders on the light background '

and the highest success of all spiders on the dark background.

DISCUSSION

Our results provide evidence that Y. arenarius adapts its

predatory behavior to matching properties of the background.

In our experiments, spiders from all tested groups approached

their prey differently on light and dark backgrounds. The

differences concerned two aspects of predation: the distance

from which the prey was attacked and the speed at which
j;

the prey was approached. These differences suggest that the j'

spiders perceived changes in their own visibility on different

backgrounds and the associated risk of being detected, which

is consistent with the results obtained in different experimental ’

conditions by Bear and Hasson (1997) using a stalking salticid.

Similar findings have also been observed in ambushing

salticids (Li et al. 2003).
|

The spiders’ decisions about the distance of attack and the
|

approaching speed may also be related to the risk of the prey’s ,i

spontaneous departure. Different background colors can
j

influence the length of time the prey spends in a given area t
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(reviewed by Lima & Dill 1990). As we used light-colored

prey, for which dark sand was non-matching, we can expect a

higher probability of the prey leaving in comparison to the

background on which the prey was less visible. We did not

quantify the risk of prey escape on different backgrounds;

however, such a phenomenon has been reported for numerous

prey species (reviewed by Lima & Dill 1990). It is unlikely that

spiders reacted directly to differences in a prey’s behavior on

different backgrounds rather than to the color of the

backgrounds, because in our analyses we used only those

recordings in which prey did not move. For this reason,

spiders were unlikely to perceive any prey behavior that could

be a sign of preparation for escape. In addition, all prey were

captured on the ground, which suggests that they were

captured before they tried to escape.

Our findings provide evidence that background matching

can be effective when animals are in motion. The movement of

a cryptically colored animal certainly reduces the efficacy of its

protective coloration, but background matching can still be

functional, particularly if the receiver is poor-sighted. In our

experiments such a conclusion is suggested by the higher

predatory success of light spiders on light rather than dark

backgrounds. The higher success rate may be attributed to two

factors: a) lower conspicuousness of a predator approaching

its prey, which may result in fewer instances of prey escape and

b) a shorter attack distance, which allows for a more precise

strike and a firmer grasp of the prey. The second factor is a

direct consequence of the first, since a closer approach is likely

to occur when detection risk decreases (Bear & Hasson 1997).

Hence, both reasons for higher success lead to the conclusion

that a spider on a light background was less visible to the prey

during its movement.

The behavior of Y. areiuiriiis hunting its prey can be better

understood if we consider the different types of risks it faces

during approach and the most likely causes of failure, such as: a)

early detection by the prey before the strike, b) the prey’s escape

after the strike, c) the prey’s spontaneous departure (prey leaves

without perceiving the danger) or d) interference by competitors

or the spider’s own enemies (Bear & Hasson 1997). The analysis

of all the potential risks reveals numerous trade-offs between

contradictory decisions, each of which is associated with a

different payoff (Bear & Hasson 1997). It is possible that the

light spiders on a light background approached their prey more
rapidly because the risk of detection was lower and because

the risk of a prey’s spontaneous departure and the risk of

interference by other predators were minimized. Light spiders

attacked on a light background from a shorter distance than

on a dark background, again possibly because the cryptic

coloration reduced their risk of detection and because it

increased the precision of their strike.

The behavior of adult males on light and dark backgrounds

needs to be discussed separately, as some aspects of their

approach seem to be different from the predicted ones. They
attacked from the same distances as light spiders; that is, from

a shorter distance on light background, where they were

conspicuous, and a longer distance on a dark background,

where they were cryptic. It may seem that this result

contradicts the conclusions that concern trade-offs minimizing

different types of risk. However, there are other likely

explanations for such a behavior.

First of all, the change of a male’s coloration after its final

molt may not infiuence its predatory decisions. Contrary to

this supposition, their behavior changed in another aspect of

approach we tested (adult males approached faster on dark

background than did light spiders). Also, an adult male’s

appearance may be neither as cryptic on the dark background

nor as conspicuous on the light background as initially

assumed. Adult males possess light pedipalps that may
function as camouflaging shields, behind which they can hide

some part of their darker body parts. They also possess light

annulations on their legs and light lines surrounding their dark

cephalothorax and abdomen. Their coloration seems to be a

compromise toward camoufiage on light and dark back-

grounds that naturally occur in the spider’s environment.

This could, at least partially, explain why they had a similar

hunting success on both experimental backgrounds and why
they approached the prey with similar speeds.

The change in males’ speed of approach on dark back-

ground after maturation was noticeable, which clearly

suggests that they reacted not only to background color, but

also to the effect of their own changed color. The final molt

made them more conspicuous on the light background, where

they had been cryptic only a few weeks before. Our study

shows for the first time for a jumping spider, and, as far as we

know, for any stalking predator, the combined effect of

background color and ontogenetic changes in body coloration

on predatory decisions.

Activity of males in the field after their final molt suggests

that they are behaviorally pre-programmed for this change in

coloration. During the limited time between their final molt

and the time of the experiments males had little opportunity to

gain experience on dark background because during that

period they occupied inner, light areas of the dune. They

climbed higher spots, which they guarded against other males,

and from there they visually searched for females. Thus, it is

unlikely that a male’s ability to adapt its approach to changes

in its visibility after the final molt results from its experience in

hunting on different backgrounds.
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Abstract. We investigated the mating biology of the previously unstudied central European spider Leviellus tliorelli

(Ausserer 1871) by staging laboratory mating trials using males and females of varying mating histories. Our aim was to

seek common themes in sexual behaviors of the sexually size-monomorphic “zygiellid” spiders with their putatively close

relatives, araneids and nephilids, which are relatively well studied with respect to sexual biology. We found L. tliorelli

mating biology to more closely resemble that of sexually size-monomorphic araneids than that of dimorphic nephilids.

Unlike in nephilids with sexually conhicted adaptations, we found no evidence for genital damage or plugging in Leviellus

Wunderlich 2004, although we found rare cases of half-eunuchs. We suggest that the mating system of L. tliorelli spiders is

determined by short female sexual attractiveness, reduced receptivity after mating and/or intensive mate guarding.

Keywords: Mating system, genital plugging, mate guarding, sexual-size dimorphism, eunuchs

Sexual contlict theory concerns the idea that males and

females may have different goals in reproduction (Watson 1991;

Chapman et al. 2003; Arnqvist cfe Rowe 2005). As a consequence

of intersexual conflict, various morphological, physiological and

behavioral adaptations have evolved, such as complex genitalia,

multiple sperm storage organs, toxicity of seminal fluids, sexual

cannibalism, and mate guarding (Parker 1984; Austad 1984;

Chapman et al. 1995; Kuntner et al. 2009a; Uhl et al. 2010).

These adaptations along with other demographic and ecological

factors shape the mating system of a species.

Among invertebrates, spiders represent an especially suitable

clade for sexual selection research (Eberhard 2004). In spiders,

the prevailing mating strategy may largely be determined by

two morphological constraints: genital morphology and

delayed female maturation. Eirst, spiders are classified into

entelegyne and haplogyne species (Austad 1984; Uhl 2000; Uhl

et al. 2010; Kuntner et al. 2009a). Haplogyne species possess a

single insemination duct connected to spermathecae exhibiting

last-male sperm priority (Austad 1984; Uhl 2000; Uhl et al.

2010). Alternatively, the entelegyne spiders have separate

insemination and fertilization ducts connected to spermathecae

and overwhelmingly exhibit first-male sperm priority (Austad

1984; Uhl 2000; Uhl et al. 2010). As a consequence, males of

many entelegyne species have evolved mechanisms to avoid or

reduce sperm competition with rival males by pre- or post-

copulatory mate guarding and by the production of mating

plugs (reviewed in Uhl et al. 2010). Although these plugs are

thought to largely prevent or delay subsequent mating, they are

not universally effective even in closely related species, as

studies on nephilid spiders have shown [contrast e.g., Nephila

pilipes (Eabricius 1793), Nephilengys maktharensis (Walckenaer

1841) and Herennia iniiltipimcta (Doleschall 1859)]: Fromhage
et al. 2007; Schneider et al. 2008; Kuntner et al. 2009b; Kralj-

Fiser et al. 201 1 ). Besides mechanical plugging of stored sperm

and mate guarding, males employ other mechanisms to reduce

sperm competition. Such an example is chemical manipulation,

where products of male genitalia that are transferred during

copulation may induce female resistance for further matings or

earlier oviposition (Eberhard 1997).

Further behavioral and physiological adaptations also

shape the mating system of a given species. For example, in

highly dimorphic species that produce mating plugs, the small

males are often cannibalized after copulation (Nessler et al.

2009), either due to intersexual conflict (Arnqvist & Rowe
2005; Fromhage & Schneider 2005) or male sacrifice, which

may have a selective advantage in increasing paternity (Elgar

& Nash 1988; Andrade 1996; Elgar et al. 2000; Schneider et al.

2000) leading to monogynous mating systems. In some species,

males are physiologically limited to one mating (Downes 1978;

Michalik et al. 2010) or females are receptive to only one mate

(Alcock & Buchmann 1985).

Finally, female maturation in extremely sexually size

dimorphic species is usually considerably delayed (Higgins

2000; Kuntner & Coddington 2009; Kuntner et al. 2009b).

Along with ecological factors such as the duration of the

reproductive season, the operational sex ratio, the female or

male distribution and/or the travel costs to the mate (Riechert

1974, 1981; Fromhage et al. 2007, 2008), unsynchronized male

and female maturation may substantially constrain an

individual’s copulation frequency.

Clade-wide comparisons in mating behavior are essential

for revealing macroevolutionary patterns of mating strategies;

however, some groups remain largely understudied. Here, we
investigate a spider clade informally named “Zygiellidae”,

which contains temperate and subtropical representatives of

several genera exhibiting a moderate sexual-size dimorphism,

but diverse entelegyne genital morphologies (M. Gregoric

unpublished data). Our ongoing phylogenetic work suggests a

close association of the “Zygiellidae” group with the families

Nephilidae and Araneidae. Within the former, sexual biology

has been well studied in many genera. Many exhibit extreme

sexual-size dimorphism and sexual cannibalism, where large

females devour tiny males (Kralj-Fiser et al. 2011). In

addition, males often engage in genital plugging, genital

damage and mate guarding (Schneider et al. 2008; Kuntner et

al. 2009a,b). In Araneidae, the sexual biology of most genera

remains unstudied, but with some notable exceptions, e.g.,

Argiope (Audouin 1826) with similar sexual phenomena as

387
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Figure F Female (A) and male (B) of the monomorphic Levielliis

thorelli. Scale bar = 5 mm.

found in Nephilidae (Fromhage et al. 2003; Foellmer &
Fairbairn 2004; Zimmer et al. 2012).

To investigate differences and similarities among the three

groups, we studied the sexual biology of a previously

unstudied “zygiellid” Levielliis thorelli (Ausserer 1871)

(Fig. 1). To determine whether the L. thorelli mating system

is monogamous or polygamous, we collected female and male

L. thorelli and tested them in staged mating experiments. We
measured spider body size to estimate the levels of sexual size

dimorphism (SSD), observed male-male competition and

determined the occurrence of plugging, genital damage and

sexual cannibalism.

METHODS
Study animals.

—

Levielliis thorelli spiders were collected in

September and October 2009 on houses near Lukovica, central

Slovenia (46°09'43"N, 14°4r30"E). We collected 64 adult

spiders (33 females and 31 males) and kept them in the

laboratory for behavioral trials. We placed the collected

females into glass frames to allow them to build webs, whereas

males were kept in foam-covered plastic vials. We watered and

fed the spiders twice a week with Drosophila flies and

mealworms and maintained a seasonal light-dark cycle (16:8).

Experimental protocol. -In staged mating experiments in

the laboratory, we observed mating behavior and occurrences

of remating with the same genital organ. Mating was staged by

placing a male in the female web, approximately 10 cm away
from her. We observed male and female pre-copulatory

behavior (courtship), which palp (left/right/both) the male

inserted, how long and how many times the male inserted each

palp, which female copulatory opening (CO; left/right/both)

he inserted into, whether the spiders were aggressive and how
they behaved after copulation (e.g., mate guarding). Each

observation lasted for two hours. After a trial, we gave a

spider 1-12 days of rest before testing for remating.

To make inferences about the mating system, we conducted

four types of experimental trials, depending on female and

male mating history in the laboratory. We never staged a

mating trial between a male and a female that had been

previously tested together. In these trials we mated 1) both

sexes with unknown mating history [n = 45 trials, ii
= 64

spiders (28 individuals that did not mate in their first trial were

reused)], 2) previously copulated female and male with

unknown mating history (female remating, n = \0 trials), 3)

female with unknown mating history and a previously

copulated male (male remating, /? = 8 trials), and 4) both

male and female previously copulated [female and male

remating, « = 8 trials (2 males used in Experiment 3 were

reused)]. When pairing already mated individuals, we devised

pairs in such a way that the male could insert his virgin palp

only into the female’s used CO (insertions were always

ipsilateral). For example, we paired a male with a virgin left

palp and a used right palp with a female with a used left CO
and a virgin right CO; hence, the virgin palp could be inserted

only in the used CO and vice versa. If reniating did not occur

in two subsequent trials, we concluded that remating with the

used genital organ was not possible.

In three trials we placed two males on a female’s web to

document male-male antagonistic behavior. At the end of all

trials, the spiders were euthanized, fixed in 70% ethanol and

examined morphologically. Voucher specimens are available

from the authors.

Morphological examination.—We examined all specimens

from mating trials for genital damage (/? = 64) and measured

their first tibia-i-patella lengths, carapace width and carapace

length ill
= 50) under a Leica MZ16 stereomicroscope.

Following Kuntner & Coddington (2009), sexual-size dimor-

phism (SSD) is measured as the ratio of female to male body

length (or any other size measure).

We macerated all palps in concentrated KOH overnight in

order to make them transparent and expandable in distilled

water. We excised and examined all epigyna externally, then

macerated each epigynal preparation in concentrated KOH
overnight, and carefully cleaned it with needles in distilled

water (e.g., Kuntner et al. 2009b). This technique exposes the

dorsal epigynal anatomy and renders spermathecae translu-

cent, which allows any embolic leftovers lodged inside

spermathecae to be seen under a stereomicroscope.

Statistical analyses.—We examined the difference in body

size measures between the sexes using the Mann-Whitney U
Test. Correlations between size measures were analyzed using

the Pearson correlation. We used a Generalized Linear Mixed

Model (GLMM) to test the effect of two fixed factors, male

and female mating history in the laboratory (previously

unmated in the laboratory, previously mated in the laborato-

ry) and carapace length; and a random factor (individual code)

on occurrence of copulation (yes, no). We sequentially deleted

fixed terms in order of decreasing significance; only terms with

P < 0.1 remained in the final model. We re-entered the

excluded terms one by one into the final model to confirm that

they did not explain a significant part of the variation. We ran

ail analyses in PASW Statistics 18 (Field 2005).

RESULTS

SSD.—Patella + tibia I, carapace width and carapace

lengths were significantly correlated (patella -t- tibia I, carapace

width: r = 0.63, ii = 50, P < 0.001; patella + tibia I, carapace
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length; r = 0.62, n = 50, P < 0.001; carapace width, carapace

length r = 0.71, u = 50, P < 0.001). The sexes differed

significantly in patella + tibia I length (Mann-Whitney U = 91,

P < 0.001, n = 50) but not in carapace length and width

(length: Mann-Whitney U = 254.5, P = 0.264, n — 50; width:

Mann-Whitney U = 231.5, P = 0.1 18, /? = 50). Using carapace

length, SSD in L. thorelli was 1.29, which translates to a

sexually-size monomorphic species (Kuntner & Coddington

2009).

Mating results.—In all staged mating experiments (u = 71),

a male signaled a female by pulling or drumming on her web.

Typically, he initially remained at the edge of the female’s web

where he attached silk, created a mating thread, plucked the

threads of the female’s web with his front legs and rubbed his

palps. Eventually he walked on the mating thread toward the

female resting in her retreat and sometimes touched her legs

with his front legs. Then he retreated and rhythmically

plucked and beat the mating thread with his front legs. The

male repeated this sequence until the female emerged from her

retreat, if receptive. During courtship, the female usually

moved her first legs and palps and sometimes her abdomen,

and turned toward the male. When (iO the female joined the

male, they touched with legs in venter to venter position, then

suddenly grasped each other with legs to form a ball-shaped

outline (SI.—available online at http://www.bioone.org/doi/

suppl/1 0.1 636/Hi 13-08). The male inserted one of his palps

ipsilaterally. After approximately 7 min (mean ± SE, 6.82 ±
1.35 min, n — 17) the female and the male abruptly separated,

the male usually hanging on the mating thread, and the female

retreating (SI). Then, the female typically rubbed her

copulatory openings with the third and fourth legs, whereas

the male positioned himself approximately 3~5 cm away from

the female, plucked the threads, and rubbed and cleaned his

palps. A male always continued to court after copulation, but

in no case did the pair copulate again. In most trials, the

female was not highly aggressive toward the male during or

after copulation, and sexual cannibalism was only observed

after one mating (5.9%). In some cases, however, the female

and the male were aggressive to each other before the

copulation, shaking the web and approaching each other with

open chelicerae. In such cases, mating never ensued.

If two males were introduced into the same female web, they

assumed an aggressive pose toward each other with front legs

extended, shook the web, fought vigorously and chased and

bit each other. In all three cases the larger male chased off the

smaller one (S2.—available online at http://www.bioone.org/

doi/suppl/10. 1636/Hi 13-08).

Of 71 mating trials (Fig. 2), copulation occurred in only 17

cases (23.9%). The occurrence of mating depended on male

and female mating history (F95 71 = 41.81; P < 0.001). The
male and the female copulated in 37.8% (/? = 45) of the trials

when both of them had not previously copulated in our

experiments; however, we never observed spiders to copulate

in experiments 2, 3 and 4. That is, spiders never remated and

reused the genital organ they had previously used (n = 26

trials). The random effect was not significant.

Genital damage.—Two mated males (/? = 17) emasculated

one palp to become half-eunuchs (Kuntner et al. 2009b) after

separating from the females they had copulated with. We
found the damaged palps in the males’ vials, implying that

COPULATION NO COPULATION

Figure 2.—Copulation success in four different combinations of

female and male mating history in the laboratory. Unknown mating

history = previously not mated in the lab.

they were not stuck in the female genitalia during copulation

but were rather self-removed after mating. Our morphological

examination revealed no further damage to male pedipalps ( 7 ;

= 31) or any plug formation in female copulatory openings,

dticts or spermathecae (/i = 33).

DISCUSSION

One of our goals was to look for common themes in sexual

behaviors of the sexual-size monomorphic “zygiellids” with

their close relatives, araneids and nephilids. Copulation

behavior of Levielliis thorelli resembles that of typical araneid

species; males construct and court on a mating thread, with

responsive females emerging out of the retreat and copulating

with the male in a “hug posture” on the mating thread

(Robinson 1982). Similar to other spiders with low levels of

SSD, male L. thorelli apparently do not damage their genitals

obligatorily and do not produce mating plugs, and females

exhibit low levels of sexual cannibalism. We found little

resemblance to nephilids, where extremely sexual-size dimor-

phic spiders engage in many ritualistic, sexually confiicted

behaviors and strategies (Kuntner 2005, 2006, 2007; Schneider

et al. 2005, 2008; Fromhage et al. 2007; Kuntner et al. 2009a,

b; Zhang et al. 2011). However, laboratory and field

observations of L. thorelli indicate intense mate guarding

probably due to first-male sperm priority, where males should

have reduced fitness benefits when mating with a previously

mated female (Austad 1984). Yet, the question of the mating

system in L. thorelli— and hence questions about macroevo-

lutionary patterns in mating strategies among the three

clades—remains open.

Among our aims was to determine the mating system in L.

thorelli. A male or a female that had previously copulated in

the laboratory was never observed remating, which could

suggest that both sexes in L. thorelli might be either

monogamous or at most bigamous. However, we acknowledge

here a serious limitation of our study, precluding such

definitive conclusion; we collected adult spiders from their

natural setting with unknown mating histories, whereas to be

conclusive, a study would better rear subadults to ensure

virginity. Despite these limitations, the fact is that we never

observed polygamy in L. thorelli, even though each individual

was tested at least twice, with two different potential mates.
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Hence, (extreme) polygamy seems unlikely in the system

studied.

It is important to note that 60% of pairs failed to mate in

the staged experiments. We presume that those spiders had

mated before capture. If so, the females that received and

stored enough sperm might bias their energy investment in egg

production and fertilization, and hence might be sexually

unreceptive. It is also likely that females were only receptive

during molting and a short period thereafter (e.g., Alcock &
Buchmann 1985; Gaskett 2007). Mated or older spider females

can be aggressive and exhibit decreased receptivity to

subsequent courting males (Elgar 1998), e.g., Pholcus phalan-

gioides (Fuesslin 1775) (Schafer & Uhl 2002), Argiope

keyserlingi Karsch 1878 (Herberstein et al. 2002) and

Tegemtria atrica C.L. Koch 1843 (Trabalon et al. 1997).

The alternative/additional explanation for the absence of

remating is that males do not find the mated females sexually

attractive, as is the case in Tegemtria atrica (Trabalon et al.

1997) and Ageleitopsis aperta (Gertsch 1934) (Papke et al.

2001), both monogamous species that do not produce mating

plugs. Male spiders in general prefer virgin over mated

females, when females mate only once in several spiders;

e.g., Ageleitopsis aperta (Riechert & Singer 1995). It may vary

among species whether a mated male or a female itself reduces

female attractiveness. One or more such mechanisms might

exist in L. thoreUi, but this remains to be tested.

Based on our data, we cannot clarify why males did not

remate (with the used palp) with a newly introduced female.

Research on the closely related Zygiella x-notata indicates

male choosiness for mates (Bel-Venner et al. 2008; Vernier

et al. 2010), where only 3% of guarding males switched to

another female (Bel-Venner & Vernier 2006). Although

prolonged tandems during the reproductive season are known
to reduce sperm competition and to lower sexual harassment

of a mated female (Greenfield & Coffelt 1983; Schdfi &
Taborsky 2002), it would be worth studying if and what

mechanisms cause L. thorelli pairs to persist together in

nature, or even to remain monogamous after separation. A
phenomenon of prolonged tandems may relate to why no L.

thorelli males use both palps during mating. In the field and

laboratory, we observed that the male persists with the female

for a long period with recurrent courting phases. Hence, it is

possible that males use both palps with the same female, but

over a longer episode than the observed two-hour trial in the

laboratory.

Our results show no evidence for genital plugging, but we
recorded two cases of male L. thorelli becoming eunuchs by

severing their palps subsequent to mating. This resembles the

eunuch behavior of Hereniiia Thorell 1877 (Kuntner 2005;

Kuntner et al. 2()09b), but not that of other nephilids where

males leave a palp in the female genital tract (Kuntner et al.

2009c; Kralj-Fiser et al. 2011; Li et al. 2012), nor that of

Tklarreu Chamberlin & Ivie 1934 where the single-palped male

spontaneously dies while copulating and thus functions as a

whole-body mating plug (Knofiach & van Harten 2001).

Although the eunuch’s behavior in Levielhis is clearly not

obligate, it may nevertheless be suggestive of some level of

post-mating sterility in males.

In conclusion, L. thorelli sexual biology resembles that of

araneids with low SSD and not that of nephilids, which exhibit

pronounced SSD. Although our data require further corrob-

oration with lab-reared spiders, they suggest that the mating

system of L. thorelli spiders is shaped by a short period of

female sexual attractiveness and/or reduced receptivity after

mating and intensive mate guarding.
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.\bstract. Spitting spiders, Scylodes spp., rapidly expectorate a zig-zag of silk from cephalothoracic glands through

openings at the base of their fangs, tacking down prey before feeding. Previously, scavenging of dead prey was considered

rare among the Araneae but, in laboratory bioassays, it is exhibited across a wide spectrum of spiders including Scytodes

Latreille 1804. When presented with dead spiders as prey, two species of araneophagic Scylodes spiders secured their meals

without deploying the probably metabolically expensive cephalothoracic silk in 25 of 30 feeding episodes. Scytodes globida

Nicolet 1849 scavenged without spitting in 16 of 30 trials (53%), whereas 5. utlacoya Rheims et al. 2007 did so in 9 of 36

trials (25%). Therefore, spittina spiders show behavioral plasticity in securina prey, conservina resources when necessary.

Keywords: Prey capture, behavioral plasticity, predation

Spiders of the genus Scytodes Latreille 1804 are unique among the

Araneae in that they have enlarged cephalothoracic glands modified

to produce a sticky silk-like substance that is rapidly expelled from

openings at the base of their fangs, immobilizing prey by tacking it

down to the substrate (Nentw'ig 1985; Li et al. 1999). The spider then

bites the prey and wraps it loosely in spinneret silk before consuming

it. A comprehensive analysis of the biomechanical features of spitting

behavior in S. thonicica (Latreille 1802) is presented by Suter &
Stratton (2009. 2013). Although Scytodes spiders do accept a wide

variety of soft-bodied arthropods in the laboratory and in the field,

they are preferentially araneophages (Li et al. 1999).

Scavenging in spiders has been occasionally researched in the last

decade (Sandidge 2003; Cramer 2008; Vetter 2011). Regarding captive

specimens and dead prey, Gabriel (2013) presents an interesting

discussion of the use of thawed rodent carcasses to maintain the

theraphosid Sericopeliiui Ausserer 1875, as well as suggestions for feeding

mammalian organ meats to small spiderlings when providing live prey is

logistically difficult. Vetter (2011) showed that a wide variety of spider

taxa (one of which was a spitting spider, probably S. fiisca Walckenaer

1837) were capable of scavenging dead crickets in the laboratory.

In general, venom is considered costly to produce, such that it is

differentially metered out through venom optimization in several

predators (e.g.. snakes, spiders) (Wigger et al. 2002; Morgenstern &
King 2013). For example, the amount of venom dispensed by the

ctenid spider Cupiennius sulci {Keyserling 1877) is correlated with prey

escape intensity (Boeve 1994; Malli et al. 1999). Likewise, silk is

considered metabolically costly, as evidenced by orb weavers

recycling their webs and ingesting the silk after an episode of hunting

(Peakall 1971). Thus, considering that scavenging behavior was

documented in at least one spitting spider (Vetter 201 1 ), the question

arises as to whether spitting spiders exhibit differential use of their

mucilaginous cephalothoracic silk. I predicted that Scylodes spiders

would not waste their metabolically expensive silk when encountering

dead arthropods.

Six specimens (one male, five females) oi' Scylodes utlacoya Rheims

et al. 2007 and five specimens (one male, two females, two subadults)

of V. glohiilu Nicolet 1849 were collected around Athens. Georgia, in

August 2012 and March 2013. The spiders were maintained in plastic

vials of differing size, correlating with each spider's size. Voucher

specimens are deposited at the California Academy of Sciences.

I tested the spiders individually in glass petri dishes (21 mm deep by

90 mm diameter) with glass lids. All petri dishes were placed on a

sheet of aluminum foil, allowing the zig-zag of spit silk to be more

readily observed. Due to the nocturnal nature of spitting spiders, tests

were conducted in early morning where room lights were kept off

during most of the behavioral observations. Subdued illumination of

27 to 36 lux over the field of foil from a light in an adjacent hallway

provided ample illumination for observation. When more lighting was

needed, room lights (700 lux) were turned on briefly to make
observations of the spit silk. This sudden increase in illumination did

not appear to startle or elicit a change in behavior of the predators,

which were mostly slow moving or immobile throughout the

experiment. Petri dishes were washed with hot water and detergent

after each trial.

In initial tests to verify prey acceptability, I placed a live juvenile

Metaltellu simoni (Keyserling 1878) (Amphinectidae) into a petri dish

with each spitting spider. The M. simoni spider was typically 70% to

100% of the body length of the spitting spider, collected from leaf

litter in Riverside, California and used within one week of capture. In

a preliminary trial, each of the eleven experimental Scytodes spiders

accepted live M. simoni as prey and used their unique zig-zag spitting

of cephalothoracic silk for capture, which was readily evident when

viewed through the glass (Fig. 1). In other studies using similar sized

prey, Scytodes spiders always spit silk to subdue prey (R. Suter

personal communication).

For the scavenging tests, I collected M. simoni spiders and froze

them overnight. The next day, they were thawed for 30 minutes in

their vials to minimize water loss through desiccation, which can

negatively affect prey suitability (Pollard 1989). 1 then introduced

spitting spiders individually into the glass petri dishes. I placed a dead

M. simoni spider of 50% to 120% of the predator’s body size,

approximately 1 cm in front of the spitting spider's cephalothorax,

but not touching its legs, and then covered the petri dishes with glass

lids. The placement of the prey item enhanced the probability that the

spider would encounter the prey (spitting spiders do not move much

under these conditions or any conditions that I could determine even

when 1 handled them during the day). When they move, they slowly

walk around the petri dish, probing cautiously with their legs. If the

spitting spider moved away from the prey prior to initial discovery, I

repositioned the dead spider in the spitting spider’s potential path. I

watched continuously for 90 minutes to assess scavenging success;

some spiders did not move for the entire observation period. After the

bioassay, spiders that did not feed were returned to their maintenance

vials and tested the following week with new prey. Spiders that fed

were allowed to continue feeding until they separated from the prey

spider several hours later, were returned to their vials, and were tested

again in two weeks. No additional prey was offered between trials

during the assays; two spiders did not feed for the six weeks of their
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Eigure 1.—The evenly spaced, parallel strands of cephalothoracic

silk that were rapidly expectorated by a Scytodes spider, which

immobilized a live, immature Metaltcdla sinwiii as seen through the

glass wall of a petri dish.

portion of the experiment but nonetheless survived. Eleven spiders

were offered dead prey six times each. Room temperature ranged

from 17.9° to 22.3° C during testing.

The typical behavior prior to feeding on a dead M. sinioiii involved

initial discovery where the spitting spider cautiously extended one of

its first pair of legs in slow front-to-back sweeping exploratory

movements, drawing its legs back toward the body. When the spitting

spider sensed that there was something in its path, it once again

cautiously extended its legs and probed. With additional sweeps and

no response from the prey, the predator extended several legs,

corralling the dead spider. The spitting spider then slowly drew the

carcass toward its mouthparts, which were often not placed onto the

prey for over a minute. Eventually, the mouthparts made contact with

the dead spider, although whether this action involved a venom-

delivering bite with fangs or the initiation of feeding behavior could

not be determined. 1 allowed the spider a few minutes to secure its

prey before I turned on room lights briefiy to examine for

cephalothoracic gland silk. In the initial cases, after a few minutes I

carefully removed the glass lid to examine if the predator had spit silk

on the prey and confirmed this by examining the petri dish under a

microscope. This examination of the petri dish did not appear to

disturb the spitting spider if handled gently. However, with

experience, the microscopic confirmation was unnecessary.

Of the 66 trials, 30 (45%) resulted in feeding by Scytodes spiders. In

25 of these 30 trials with feeding (83%), the spitting spider did not use

its unique cephalothoracic silk to secure the dead prey (Table 1 ).

Scytodes globida scavenged without spitting in 16 of 18 feeding trials

(89%) and in 53% of trials overall, whereas 5. atkicoya scavenged

without spitting in 9 of 12 feeding trials (75%) and 25% overall. This

absence of spitting was evident in males, females and immatures with

marked variation among them (Table 1). In one interesting trial, a S.

glohiilci female with an egg sac (the Scytodes female carries her egg sac

in her fangs), approached the dead M. simoiii, moved her egg sac

behind her but still in contact with the abdomen and then started

feeding without spitting. In the six trials involving spitting of silk, five

Scytodes spiders fed and the other moved away without feeding. This

latter case appeared to be defensive spitting elicited by the prey

spider’s movement caused by the Scytodes spider’s probing leg rolling

the carcass toward itself. In one case where the spider spit then fed,

abdominal leakage was affixing the dead prey spider to the substrate;

the predator spit during the struggle to detach the prey from the petri

dish bottom. In some cases where no scavenging occurred, the spider

was immobile, most likely attributable to satiation; several Scytodes

393

Table 1.—Results of scavenging by Scytodes atkicoya and S.

glohida. Each spider was tested six times for a total of 66 trials.

Fed,

no spit

Fed,

spit

Spit,

no feed

Did

not feed

Scytodes atkicoya

Male 3 1 0 2

Female #1 0 0 0 6

Female #2 1 0 0 5

Female #3 1 2 0 3

Female #4 0 0 1 5

Female #5 4 0 0 2

Total 9 3 1 23

Scytodes glohiiki

Male 2 0 0 4

Female #1 3 1 0 2

Female #2 5 0 0 1

Immature #1 3 1 0 2

Immature #2 3 0 0 3

Total 16 2 0 12

Total for both species 25 5 1 • 35

spiders had well-swollen abdomens during the trials. Similar to the

closely related Loxosceles spiders, Scytodes spiders do not appear to

need to eat frequently (i.e., once a month is sufficient to maintain

them) (R. S. Vetter, pers. observation). Although the prey were dead,

many of the spitting spiders still wrapped them in spinneret silk; this

was probably to facilitate easier handling or, in nature, to prevent

prey from slipping from their grip as the predators often carried the

prey away in their fangs before eating.

Despite their small size and limited neurologic potential, spiders

demonstrate feeding behavior that can be quite intricate and fiexible,

with extreme complexity exhibited by the well-known salticid spiders

of the genus Portia Karsch 1878 (Nelson & Jackson 201 1 ). Scavenging

dead prey is probably a very rare natural event for spiders; however,

they show behavioral plasticity if given the chance to do so. This

opportunistic activity was exemplified in Vetter (2011), in which 99 of

100 spiders of diverse genera scavenged dead crickets in a laboratory

study, including all 32 specimens of the web-spinning families

Agelenidae, Amphinectidae and Filistatidae; the probability of these

site-restricted web-spinners naturally encountering dead prey that they

did not previously kill is virtually nil. Spitting spiders are able to assess

prey status and usually conserve their probably metabolically expensive

cephalothoracic silk when they encounter dead prey. Hence, when it

comes to scavenging, Scytodes spiders typically don’t give a spit.
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Abstract. We describe the mimetic relationship between the ant-like spider Myrmecotypiis iguazu Rubio & Arbino 2009

(Araneae: Corinnidae) and the carpenter ant Campoiiotus sericeiveiitris Guerin (Hymenoptera: Formicidae), studied in a

subtropical rainforest in Iguazu National Park, Argentina. The morphological adaptations, aspects of coloration, and

behavior responsible for the ant-like appearance in M. iguazu (the mimic) provide strong evidence that its model is C.

sericeiveiitris. Both field observations and field and laboratory experiments suggest that this spider is a Batesian mimic.

Keywords: Ant-like spider, Batesian mimics, behavior, mimetic relationship, Paranaense rainforest

Spiders are generalist predators found in diverse environments.

Because most of them are small, soft-bodied arthropods and lack

defensive protection against larger predators, they can become prey of

these predators, especially of those that use their vision to detect prey

(such as wasps, birds, spiders, frogs, and small lizards). Many species

of spiders have evolved adaptations that are thought to provide

protection against such visually hunting predators.

Many spiders, particularly in the families Salticidae and Corinni-

dae, have evolved mimetic resemblance to ants, or myrmecomorphy
(Simon 1897; Mello-Leitao 1939; Galiano 1965, 1966, 1967, 1969;

Reiskind 1969, 1970, 1977; Cushing 1997, 2012). By means of

myrmecomorphy, many spiders and insects resemble their models

through behavioral and morphological convergence (Mclver &
Stonedahl 1993; Cushing 1997, 2012; Debandi & Roig-Junent

1999). Many mimetic spiders have a constricted carapace that gives

them a three-segment body appearance, and some have specialized

setae on the carapace providing color patterns similar to those on the

model ant’s gaster. Moreover, numerous myrmecomorphic spiders lift

the first pair of legs off the ground and carry out exploratory

movements while contacting the substratum much like the antennal

movement of ants (antennal illusion), and this behavior further

increases the mimetic resemblance (Mclver & Stonedahl 1993).

Most ants are unpalatable for generalist predators because they

have efficient defense mechanisms, such as hard integument,

sometimes with spines, strong mandibles, and stings connected to

the poison gland, which expel irritating acid substances. Further, ants

can act en masse to attack or defend the colony (Reiskind 1977;

Oliveira 1988; Holldobler & Wilson 1990; Cushing 1997, 2012; Joron

2003). Ants inhabit almost all terrestrial habitats and have few

specialized predators. For this reason, ants constitute a stable model
for Batesian mimics (Oliveira 1986). Myrmecomorphy is observed in

45 families of insects and in nine families of spiders (Mclver &
Stonedahl 1993; Cushing 1997).

Over 200 species of ant-mimicking spiders are presently known
(Cushing 1997, 2012). The majority is found among salticids (e.g.,

Myrmarachne, Synemosyna, Synageles, Belippo, Zuniga), corinnids

(e.g., Castianeira, Myrmeciuin, Myrmecotypiis. Spliecotypus, Maza.x),

gnaphosids (e.g., Micaria), thomisids (e.g., Amyciaea. Apliantoclulu.s),

and zodariids (e.g., Zodarion, Storemi) (Reiskind 1969, 1977; Foelix

1996; Cushing 1997, 2012; Pekar & Krai 2002). However, studies on

myrmecomorphy of spiders in Argentina are scanty. Galiano's

(Galiano 1965, 1966, 1967, 1969, 1996) revisions of the “formici-

formes” salticids cite the genera Sarimki, Martella and Synemosyna

for Argentina as imitative species of ants. The purpose of this paper is

to present ant mimicry in Myrmecotypiis iguazu Rubio & Arbino 2009

and to describe the adaptations responsible for the ant-like

appearance and behavior in the mimic, with evidence from field

and laboratory observations, as well to discuss aspects of spider

myrmecomorphy.

Specimens were collected in two localities of the Iguazu and

General M. Belgrano Departments, Misiones Province, Argentina:

Iguazu National Park (INP - 25.683333°S, 54.433333°W) and

Urugua-i Wildlife Reserve (UWR - 25.974345°S, 54.1 16330°W).

The environment consists of subtropical rainforests, which corre-

sponds to the Paranaense phytogeographic region (Cabrera & Willink

1973). The annual temperature and annual precipitation vary between

16 and 22 °C, and 1000 and 2200 mm respectively (Placci & Di Bitetti

2006).

The study was carried out in both the field and laboratory. Spiders

and ants were observed, photographed and sampled in January 2005

and January 2009. The specimens were captured during the day,

mainly on the handrails of the different tourist circuits of the INP
(Fig. 3G). In the laboratory, the experiments were conducted in

January 2009 in the CIES (Centro de Investigaciones Ecologicas

Subtropicales - INP). The aims of these experiments were 1) to

describe the behaviors in the field. 2) to observe the general reactions

of the model and mimic toward one another and 3) to test the

hypothesis that the myrmecomorphs might be aggressive mimics.

Aggressive mimics are species that use deceptive signaling (morpho-

logical and/or behavioral) to lure their own prey (Wickler 1968;

Vane-Wright 1980). Examples of possible aggressive spider myrme-
comorphs include Apliantocliilus and Stropliiiis (Thomisidae) that

were observed in same sampling localities carrying ants in their

chelicerae (Oliveira & Sazima 1984, 1985). The dead ant carried by the

spider is hypothesized to provide chemical cues that serve to lure

other ants close to the spider predator.

All experiments were carried out with adult specimens of the

myrmecomorphic spider, Myrmecotypiis iguazu (Corinnidae: Castia-

neirinae) and the proposed model, Campoiiotus sericeiveiitris (For-

micidae: Formicinae). Myrmecotypiis iguazu is known from the type
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Figure 1.—Close resemblance between the mimetic spider Myrme-
cotypiis iguazu (A, B: male; E: female) and its ant worker model

Caiuponotiis sericeiventris (C, D), lateral view. Note the lengthened

carapace with slightly darker coloration in the anterior part

simulating the head and thorax of ant, the transverse black bands

in the spider’s abdomen resembling the segmented gaster of the ant,

and the similar pattern of golden reflective pubescence of both species

(photos). Scale = 1 mm.

locality in INP and from UWR (Rubio & Arbino 2009). The ant C.

sericeiventris is exclusively Neotropical and is subdivided into six

subspecies (Wheeler 1931; Kempf 1972; ITIS 2013). In Argentina, C.

sericeiventris is found in Chaco, Corrientes and Misiones provinces

(Wheeler 1931; Cuezzo 1998), and according to Wheeler (1931) the

subspecies to which we refer is C. sericeiventris sericeiventris, although

of a slightly smaller size than that of the original description.

To test the hypothesis that M. iguazu is an aggressive mimic, one

female or one male was placed inside a Petri dish (95 mm diameter)

with a moistened piece of filter paper and a twig with leaves that

could serve as the spider’s retreat. Because there was little difference

in size and overall appearance between male and female spiders, we
used either one in the experiment. Three minor/median ant workers of

C. sericeiventris were added to each dish with an adult (female or

male) M. iguazu, and the behavior of the spider in the presence of

multiple models was observed. For each encounter between spiders

and ants, three replicates were carried out with observation sessions

of 60 min for each one. We used a different set of ants for each trial.

Three different females and three different males of M. iguazu were

used. We performed 18 tests. Interactions between spiders and ants

were also observed in the field. If M. iguazu is an aggressive mimic, we
expected spiders to pursue ants in the Petri dishes. If the spider is a

myrmecomorph but not an aggressive mimic, then we expected to see

avoidance behaviors on the part of the spiders.

Selection for ant mimicry in spiders influences their behavior,

habitat preference and morphology (Mclver & Stonedahl 1993). In

this analysis, certain morphological indices for mimicry were

measured: comparing the values of M. iguazu with those of the

myrmecomorphic species Myrmecotypus rettennieyeri Unzicker 1965

(see Reiskind 1969), which also mimics the ant C. sericeiventris, and

with a sympatric non-mimetic corinnid Falconina gracilis (Keyserling

1891). Reiskind (1970) indices can be used as indicators of mimicry

and are derived by dividing the width by the length of the body

segments (see below). Any elongation of structures (carapace,

sternum or abdomen) will result in low index values. Ant-mimicking

spiders should have low indices, since thinness and elongation of the

overall body (cephalothorax and abdomen) often enhance the
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Figure 2.- -Dorsal view of the mimetic spider Myrmecotypus
iguazu (A: male; C: female) and its ant worker model Camponotus

sericeiventris (B). Note the lengthened carapace with slightly darker

coloration in the anterior part simulating the head and thorax of the

ant, the transverse black bands in the spider’s abdomen resembling

the segmented gaster of ant, and the dorsal golden or silver reflective

pubescence (whitened area in the drawing) of both species. Scale =

1 mm.

mimetic resemblance. The following indices were used: 1) carapace

index = carapace width / carapace length X 100; 2) sternum index =

sternum width / sternum length X 100 and 3) abdomen index =

abdomen width / abdomen length X 100. The latter index is often

particularly important in male myrmecomorphs whose abdomens are

completely covered by sclerites, making this index less variable.

We used a Leica® 1V1S5 stereoscopic microscope for photographs.

Other photos of ants and spiders in their natural habitat were taken

with a Nikon® D80 digital camera. All measurements were taken with

a micrometric ocular micrometer and were recorded in millimeters.

Voucher specimens of the species examined were deposited in the

following institutions: Coleccion Nacional Aracnologica, Museo
Argentino de Ciencias Naturales “Bernardino Rivadavia” (MACN-
Ar 19708, 19709); Museo de La Plata (MLP 17926); Coleccion

Aracnologica de la Catedra de Diversidad Animal I, Facultad de

Ciencias Exactas, Fisicas y Naturales, Universidad Nacional de

Cordoba (CDA 000.806 to 000.811); and Coleccion de Artropodos

de la Facultad de Ciencias Exactas y Naturales y Agrimensura,

Universidad Nacional del Nordeste (CARTROUNNE 7818) (see

Rubio & Arbino 2009).

Solitary male and female M. iguazu were found wandering among
workers of C sericeiventris (ratio of 5 spiders to 95 ants in a group of

approximately 400 ants). The field observations supported a strong

resemblance between the purported mimic and model in morphology,

coloration, and behavior. It was very difficult to detect the spiders

among the ants (Fig. 3F).

Morphological and coloration convergences.—Ant workers have

opaque black bodies that are dimorphic in color, with 80% of

individuals covered with a dense pubescence of all golden setae and

20% covered with all silver setae over the alitrunk, petiole, coxae, and

gaster (Figs. 1C, D; 2B; 3B, D). This notable golden or silver

pubescence is completely refiective. The antennae are long and the

third pair of legs longer than the rest (Fig. 3B, D). The workers are

polymorphic (Wheeler 1931; Yamamoto & Del-Claro 2008); the
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Figure 3.—Habitus and nature of the mimetic spider Myrniecotypus igiuizu and its ant worker model Caniponotus sericeivcntris in Iguazu

National Park, 2009 (A, C, E: female spiders; B, D: ant worker; F; both species wandering in a trail over the ground; G: habitat tliat the species

inhabit; both spiders and ants wander the handrails of the paths together; H: spider refuge in a fold of a green leaf of the foliage, indicated by

an arrow.

larger workers vary between 15-16 mm, and median and minor

workers between 10-13 mm (Figs. 1C; 2B).

Morphological and color resemblances of female and male M.

iguazu are evidenced in the lengthened carapace with a sinuous side

view and narrow dorsum (Fig. lA, B, E). A slight constriction in the

anterior third, marked with a black line, gives the impression of a

division of the cephalothorax into a cephalic region and a separate

thoracic region, resulting in the three-segment appearance of body

characteristic of ants (Fig. IE). The head mimicry is emphasized by

darker coloration in the anterior third of the carapace and by strong

chelicerae resembling ant jaws. The abdomen is oval, with two faint

thin transverse black bands shaped by different colors of hair; this

aspect looks like the tergites of the ant abdomen (Figs. 1 A, E; 2A, C).

In addition, the resemblance is reinforced by the opaque black

coloration of the body and by the retlective golden pubescence on the

abdomen and posterior region of the carapace (Fig. 3A, C).

The largest females M. iguazu reach a total length of 9.7 mm and

males 7.3 mm; relative leg lengths longest to shortest are IV-l-llI-Il,

with the first pair much thinner than the others (Rubio & Albino

2009) (Figs. IB; 3A. C). Relative leg lengths in C sericeivcntris are

IlI-II-I, the third pair corresponding to the fourth pair in spiders. The

following morphological indices were mimicry indicators for M.

iguazu (see Rubio & Arbino 2009), and values in parentheses were

given by Reiskind (1969) for M. relteumeyeri: Male; carapace index

43.4 (39); sternum index 46.2 (39); abdomen index 68.9 (66). Female;

carapace index 42.1 (38 39); sternum index 37.7 (39^1); abdomen



398 THE JOURNAL OF ARACHNOLOGY

index 78.7 (69-87). In comparison, the non-mimetic corinnid

Falconimi gracilis had the following indices: male carapace index

74.5, sternum index 87.9, and abdomen index 62.7; and female

carapace index 87.2, sternum index 91.7 and abdomen index 62. 1 . The
abdomen indices in Mynnecotypus species were high due to the

globose abdomens of these mimics.

Behavioral mimicry.—Myriiwcotypus igiuizu wandered actively on

the handrails of the paths together with workers of C. sericeiventris,

moving quickly and stopping sporadically (Fig. 3A, E). The
locomotion was always carried out with the first pairs of legs raised

forward and moved with slight swinging movements, touching the

substratum with the tip of the tarsus, simulating the ants’ antennae

(Fig. 3A, B, E). Moreover, the tip of the abdomen was slightly curved

down, contacting the substratum with the spinnerets, as do ants with

the gaster. When perturbed, the spiders adopted a posture compa-

rable to ants facing a similar situation: spiders put the abdomen under

the carapace, pointed forward (spray illusion), as the ants do when
expelling formic acid (Fig. 3D).

As light levels decreased with approaching night the ants returned

to their nests in the rainforest vegetation; the spiders ascended

searching a refuge in the foliage, generally in a fold of a green leaf

where they weave a retreat as do other corinnids (Fig. 3H). However,

during twilight hours one female M. iguazii was observed walking

alone on the ant trails, although the workers of C. sericeiventris had

already moved to their nests.

Spiders and ants wandered together in the same places/trails, and

encounters between the two seemed to be random. The laboratory

experiments resulted in mutual avoidance in all 18 tests with the six

spiders; each encounter of a spider with an ant resulted in a quick

escape by both model and mimic, especially by the spider, which ran

lengths of about 60 mm avoiding contact even before contact

occurred. In a typical encounter, the spider walked away from the ant

before resuming its movement around the dish. Similar avoidance

behavior was observed in the field.

Mynnecotypus rettennieyeri, a Panamanian spider that resembles C.

sericeiventris, has this single species as its model (Reiskind 1969).

Similarly, M. iguazu is an ecological equivalent of M. rettennieyeri,

whose males and females are specialized mimics of the same ant

species, C sericeiventris (Fig. 3A, B, F).

Support for mimicry.—The following characteristics were consid-

ered to demonstrate the existence of mimicry among the species

studied (Reiskind 1977): 1) Sympatry: both spiders and ants are found

in the same microhabitats of both localities and are found wandering

together. 2) Similarity involves morphological and ethological

aspects, and patterns of coloration. These aspects were remarkably

similar between the species, as was shown in this study. 3) Species

specificity: the mimic possesses some structures analogous to the

model that are not present in related species of the same genus. The
features that fulfill this criterion are the reflective pubescence over the

carapace and abdomen of the spiders, and the golden coloration of

this pubescence, similar in distribution to the workers of C.

sericeiventris. However these characteristics are an “indirect proof
of myrmecomorphy according to Reiskind (1977).

Function of mimicry.—Most myrmecomorphic spiders are pre-

sumed to be Batesian mimics (Cushing 1997; Oliveira 1986, 1988;

Mclver & Stonedahl 1993; Reiskind 1977). Mynnecotypus iguazu

were difficult to differentiate when they moved among the ants

because of their morphological and behavioral resemblance to the

model ant, even when they wandered separately. Presumably, this

protects the spider from ant-averse predators. We propose that the

spider M. iguazu has evolved as a Batesian mimic of the ant C.

.sericeiventris-, however, more work must be done to test this

hypothesis. Other studies have supported the hypothesis that

myrmecomorphic spiders are Batesian mimics (Engelhardt 1970;

Cutler 1991; Nelson & Jackson 2006, 2009; Nelson et al. 2006; Huang
et al. 2011; Durkee et al. 2011; Nelson 2012). The behavioral

experiments provided no support for the hypothesis that the spiders

are aggressive mimics because they avoided the models in all tests.

In the field samplings, a lizard (Tupinamhis merinae) was observed

removing a prey (Odonata) that was carried by C. sericeiventris

workers. The lizard stripped the prey of ants with its front legs without

ingesting any of these ants and consumed it. This observation suggests

that these ants may be unpalatable to at least some arthropod

predators, and that the lizards can recognize ants as undesirable.

Camponotus sericeiventris has a wide distribution in tropical

America, and considering its size, its dense reflective pubescence

and its populous colonies, it is one of the most conspicuous ants of

tropical America. For this reason the model is commonly imitated by

different arthropod groups. Eplophorus velutinu.s (Coleoptera: Cer-

ambicidae) in Honduras (Wheeler 1931), Mynnecotypus rettennieyeri

in Panama (Reiskind 1965) and Pappognatha mynniciformis (Hyme-
nopera: Mutiliidae) in Panama (Wheeler 1983) have been mentioned

as mimetic of C. sericeiventris.
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SHORT COMMUNICATION

Influence of prey availability on seasonal fluctuation in body condition in the wolf spider, Pardosa milvim

(Araneae: Lycosidae)
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45056 USA. E-mail: jason.schmidt@iiky.edu; ^Department of Entomology, University of Kentucky, Lexington,
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Abstract. Foraging by an organism vanes over the season m response to environmental conditions. Predatory arthropods,

such as spiders, are frequently in a food-limited state despite their polyphagous habits and may feed opportunistically to

enhance rates of growth, survival and reproduction. We predicted that, to circumvent food limitation, spider foraging

would be related to prey availability. We examined the extent to which body condition of spiders, a correlate of recent

foraging, was related to prey availability and habitat type. Wolf spiders Pardosa milvina (Hentz 1844) were collected

between May and October in two habitat types, corn and soybean fields. To assess changes in spider condition, we
calculated and compared multiple body condition indices derived from morphometric measures of individual spiders. Prey

abundance was monitored over the same period using a vacuum suction sampler. Body condition indices provided

qualitatively equivalent results. Interestingly, juvenile males were in better condition than adult males, but the opposite was
the case for juvenile versus adult females. Although the availability of potential prey generally increased over the growing

season, changes in body condition fluctuated independently of prey, suggesting that Pardosa milvina have life history

differences in foraging and demand for resources that may influence foraging decisions.

Keywords: Foraging, predation, temporal dynamics

Landscape configuration, agricultural management and habitat

complexity influence the abundance and diversity of spiders (Clough

et al. 2005; Schmidt & Rypstra 2010). The fine-scale effects of

management practices on predator biology are complex and often

interrelated. For instance, the structure of the environment can

influence the foraging rate of predators (Langellotto & Denno 2006)

or can provide refuges from risk (Rypstra et al. 2007). Furthermore,

the use of pesticides inlluences space use and foraging ecology/

behavior of spiders (Deng et al. 2008). Although the effects of

agricultural practices and landscape patterns on the body condition of

spiders has received far less attention (e.g., Oberg 2009; Bucher &
Entling 2011), condition indices have proven efficient at predicting

important aspects of animal fitness, including recent foraging success

(Jakob et al. 1996; Aisenberg et al. 2009), mate choice (Uetz et al.

2002; Pruitt et al. 201 1) and sexual cannibalism (Moya-Larano 2002;

Wilder & Rypstra 2008; Pruitt et al. 2011). Body condition indices,

calculated using morphometric measurements, show that spiders are

commonly food-limited in nature (Bilde & Toft 1998; Wise 2006;

Romero & Harwood 2010). Here we explore the seasonal dynamics of

body condition of a common agrobiont spider and examine the

relationship of body condition to prey abundance in two production

systems, corn, Zea mays L. (Poales: Poaceae) and soybeans. Glycine

max L. (Fabales: Fabaceae).

Research was conducted in a previously established experimental

agroecosystem located at the Ecology Research Center, Butler

County, Ohio, USA (39°3I'42" N, 84°43 '48" W). An array of 12

fields was established, each measuring 60 X 75 m and separated by

15-m grass borders. All fields were managed under standard no-till

practices for this region with no insecticides applied at any time

during the season. Six of the fields were planted with soybeans

(Ebberts seed 1365RR, Ebberts Field Seeds, Covington, Ohio, USA).

The other six fields were planted with corn (Steyer Seeds 1095VT3,

‘'Current address: Department of Entomology, University of Ken-

tucky, Lexington, Kentucky 40546 USA.

Steyer Seeds, Tifton, Ohio, USA). None of the fields were sampled

twice in the same month, or at the same locations within the field.

The focus of this study was the wolf spider, Pardosa milvina (Hentz

1844) (Araneae: Lycosidae). At least 20 spiders were hand collected

every two weeks between May and October 2007 in two field types,

corn and soybean fields. Hand collecting of spiders occurred by

searching the interior of fields and not within 10 m of the edge.

Individual spiders were held on ice in 1.5 ml Eppendorf tubes until

they could be frozen at — 20°C within 2 h. Six fields of each type were

sampled throughout the season, and no two fields were sampled on

consecutive sampling dates. Frozen spiders were identified to species

by inspection of genitalia (Vogel 2004). We know from past studies

that P. milvina represent 95% of species in the genus Pardosa in these

fields (Marshall et al. 2002); therefore, although difficult to

distinguish, it is unlikely that juveniles were from other species

because all adults collected were P. milvina. To determine juvenile

male or female status, we inspected the genital morphology for

scleritization and associated adult characteristics. In an attempt to

control for reproductive status, females with egg sacs were excluded

from the analyses. We measured size, cephalothorax width (accuracy

± 0.01 mm), which is a rigid portion of the spider body

representative of spider size (Jakob et al. 1996), and mass (accuracy

± 0. 1 mg) in the laboratory. Although there are multiple methods to

estimate body condition, here we analyzed the data using two

common methods [i.e., body mass (Garda-Berthou 2001) and Scaled

Mass Index (Peig & Green 2009)]. We elected to visually display the

Scaled Mass Index (SMI) proposed by Peig & Green (2009), which

was computed as

where M,- is the body mass, L,- is the cephalothorax width of

individual /, b is the scaling parameter estimated by the regression of

mass on cephalothorax width and Lg is the arithmetic mean of

cephalothorax width value for the study population. Here we focus

on the SMI because it is easy to present and interpret, and it scales

400
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Figure 1.—Body condition (Scaled Body Condition Index, SMI) of Pardosa nidvimi over a growing season in corn and soybean fields in

Oxford, Ohio, and the associated density of arthropod prey. Panel (a) represents the mean ± 1 SE lluctuation in body condition during the

season for reproductively mature female and males; panel (b) represents the comparison of mean ± ISE body condition between adult and

juvenile males and females (Bonferoni adjusted comparisons are indicated by different letters P < 0.05); panel (c) represents the fiuctuation in

mean ± ISE arthropod density; and panel (d) represents body condition index (SMI) plotted as a function of prey density (number per m^) with

axis box and whisker bars to represent the distribution of each continuous variable.

body condition according to the size distribution of the spiders

sampled. We provide supplemental material on other body condition

indices, online at www.bioone.org/doi/suppl/10.l636/P13-l8.

Prey abundance was estimated in these same fields by extracting

five suction samples (0.08m^/ sample) in both field types on each

sample date using a D-VAC suction sampler (Model 24, Rincon-

Vitova Insectaries, Ventura, California, USA). Locations for suction

sampling were determined by selecting numbers from a random
number table to correspond with x, y coordinates of the field such

that no locations were sampled within 10 m of the field margin.

Suction samples were sorted to form a prey density estimate (i.e., no.

prey/0.4m''). We counted Diptera, Collembola, Homoptera, Thysa-

noptera, small Orthoptera and small Araneae because these are the

groups Pardosa are known to consume (Nyffeler 1999). Generalized

least squares (GLS, Pinheiro & Bates 2000) analysis models were used

to explore the effect of four predictors on body condition: field type,

sampling date, spider age and overall prey density.

A total of 732 spiders were collected through the field season

(Supplemental Materials, Table SI). Body condition was highly

variable over the growing season in both soybean and corn fields

(GLS, see Supplemental Materials Table S2; F\j22 - 15.28, P =
0.0001, Fig. la), and there were no significant interactive effects of

season, field type or prey availability on body condition (GLS, see

Supplemental Materials Table S2, la).There were significant sex

differences in body condition (Fj 722 = 7.768, P = 0.0055, Fig. lb);

however, the interaction between age and sex suggests that adult

males are typically in poorer condition than juvenile males, and the

pattern for females suggests that adults were in better condition than

juvenile females (^1,722 = 9.492, P = 0.0021, Fig. lb). Females were

predicted to be in better condition, so this result is not surprising.

However, the significant interaction is of interest because this

indicates that juvenile males, with unscleritized pedipalps, were in

better condition and may feed more often to increase size. Fitting the

different body condition indices, described above, resulted in

equivalent qualitative results (Table S2).

Prey density, a variable that should infiuence the growth and body

condition of polyphagous predators, increased over the growing

season (GLS, Fj (,o
= 4.335, P < 0.0007, Fig. Ic; slope estimate on log

transformed data = 0.069 (0.02), t
— 3.21, P = 0.0014), and differed

between field types sampled (Fi w) = 35.441, P < 0.0001). A
significant interaction between field and date sampled indicates that

the density of prey in each field type was not consistent over the

season (F| 50 = 46.45, P < 0.0001, Fig. Ic). Notably, the densities are

similar in May through July, whereas the abundance is higher or
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lower between the two field types during August, September and

October (Fig. Ic). Although both the condition of predators (Fig. la)

and availability of prey (Fig. Ic) varied over the season in relation to

date and field type, body condition was not significantly related to

prey density (see Table S2 for full analysis; F\j22 = 0.59, P = 0.442,

Fig. Id).

Although there was fluctuation in foraging, as indicated by body

condition, of male and female P. niilvimi over the growing season

within a soybean and corn crop, body condition did not appear to track

prey abundance in this system. Inconsistent with other species of

spider, body condition is sometimes related to prey availability (Bucher

& Entling 2011). Our study suggests that prey availability and field type

are not strong predictors of body condition in this wolf spider

population. Although our sampling method for prey availability

assessed density of prey in a given area, the types that spiders are able to

catch or prefer are not necessarily representative of overall abundance.

However, based on our results, we emphasize the growing shift in our

understanding of the feeding ecology of spiders under field conditions

(Chapman et al. 2013). The density of prey alone appears insufficient to

predict fitness, especially when prey abundance is high, and for spiders

a number of potentially competing prey variables infiuence foraging

decisions. The risk, toxicity (Toft 1999) and nutritional value of prey

(reviewed by Wilder 2011) can all affect consumption.

These results indicate life-stage-specific patterns in body condi-

tion. Juvenile males must quickly build body tissues by consuming

high numbers of prey or selectively consuming high-energy nutrients

and protein to fuel fast development (Moya-Larano et al. 2008).

Adult males have reached their growth potential, so low levels of

foraging would be sufficient to facilitate mate searching and

courtship. In contrast, female foraging responses in short-term

laboratory studies indicate that an increase in body condition and

number of prey killed is strongly driven by prey density (Walker &
Rypstra 2002), but in an open field context we show that body

condition was not influenced by prey density. These results suggest

that prey selection and foraging strategies during juvenile stages of

development do not differ, but the sexes subsequently switch to

different strategies following reproductive maturity, where females

continue to forage at high levels to improve egg development and

males reduce energy needs, only requiring low energy levels to scurry

around searching for mates.
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SHORT COMMUNICATION

Comparing ramp and pitfall traps for capturing wandering spiders

L. Brian Patrick' and Ashton Hansen-"*: 'Department of Biologieal Sciences, Dakota Wesleyan University, 1200 West
University Avenue, Mitchell, South Dakota 57301, USA. E-mail: brpatric@dwu.edu; -Department of Biology, Mount
Marty College, 1 105 West 8‘'’ Street, Yankton, South Dakota 57078, USA

Abstract. Pitfall traps are a common and inexpensive sampling method for epigeal spiders. They are most effective when
the top edge of the trap is Oush with the soil surface, which is not always possible if soil disturbance is prohibited, the soil

layers are thin or the substrate is only exposed rock. Ramp traps are also inexpensive to construct and do not require soil

disturbance, making them an appealing alternative to pitfall traps. We tested the efficacy of ramp traps for capturing

wandering spiders at the Fort Pierre National Grassland in central South Dakota, USA. We set parallel transects of pitfall

and ramp traps during three sampling periods from late May to early August 2010. Ramp traps captured twice as many
individuals and, on average, 1.1 ± 0.34 SE more species than pitfall traps. Overall, ramp traps outperformed pitfall traps,

and ramp traps are better for non-permanent sampling at point-specific locations.

Keywords: Linyphiidae, Lycosidae, sampling method, temporary trap

Although pitfall traps do not capture all spiders in the community,

they are an effective sampling technique for determining the relative

abundance and species richness of epigeal spiders (Greenslade 1964;

Uetz & Unzicker 1977; Phillips & Cobb 2005). However, to trap

effectively, the upper edge of the pitfall should be level with the soil

surface, requiring excavation of a small hole into which the pitfall

container is inserted. In areas of bare rock (e.g., scree slopes, caves),

thin soil horizons over rock, or where soil disturbance is prohibited

or requires substantial permitting (e.g., US National Parks), an

alternative method of sampling the same epigeal community is

desirable.

Bostanian et al. (1983) first described a ramp pitfall trap for

capturing large beetles (>1() mm), but their trap structure was heavily

biased toward their target taxa. Because the Bostanian et al. (1983)

method was expensive and cumbersome to carry into the field,

Bouchard et al. (2000) developed a more generalized ramp pitfall trap

(hereafter, ramp trap) with greatly reduced cost, weight and size.

Pearce et al. (2005) tested these traps and found them effective in

reducing vertebrate by-catch. Here we report the results of a short-

term study to test the efficacy of ramp traps against pitfall traps for

capturing wandering spiders.

The field site was the War Creek Northeast allotment (field) in

Stanley County of the Fort Pierre National Grassland (FPNG) in

South Dakota, USA. The dominant vegetation is western wheatgrass

[PascopyruDi sDiithii (Rydb.) A. Love], green needlegrass [NcisseUa

viridiila (Trin.) Barkworth], buffalo grass [Bucliloe dactyloidcs (Nutt.)

J.T. Columbus], silverleaf scurfpea [Pcdioiucduiu argopliylliiiii (Pursh)

J. Grimes] and prairie conefiower [Ratihida coluDuiifera (Nutt.) Woot.

& Standi.]. This field was not grazed at the time of sampling, but it is

rotationally grazed (i.e., grazed al different times of the year) by catlle

(maybe bison more than five years before this study) and occasionally

left to rest without grazing, generally for a period of one to three

years. The field is occasionally burned, though not during the decade

prior to this study.

In late April 2010, we established five 6-m transects of pitfall traps

in the FPNG field. The first transect was chosen near the middle of

the field, then the four additional transects were positioned at the

•^Current address: Department of Entomology, North Dakota State

University, Department #7650, P.O. Box 6050, Fargo, North Dakota

58108, USA

main compass points (north, south, east, and west) at least 300 m
from the central transect. Each transect consisted of three pitfall traps

at 3-m intervals. Each trap consisted of a 10 cm diameter, 20 cm tall

PVC sleeve into which a 710 mL plastic cup was inserted and filled to

approximately 4 cm depth with 100% propylene glycol. The PVC
sleeve was capped on the bottom, and, when not in use, the sleeve was

also capped on the top to prevent accidental trapping. To deter trap

raiders (e.g., microtine rodents), to prevent captured invertebrates

from climbing out of the trap, and to prevent precipitation from

directly fiooding the trap, an 8-cm powder funnel with its base

enlarged to approximately 3 cm was inserted into the cup and a 15 cm
X 1 5 cm board was placed over each trap, leaving approximately 3 cm
clearance.

When sampling started, an identical transect of three ramp traps

was set 8 m from and parallel to each transect of pitfall traps. Ramp
trap design followed Bouchard et al. (2000), with modifications

described hereinafter (see Fig. 1). We used 946 mL plastic 12 cm X

12 cm X 8 cm (L X W X H) containers with ramp entrances on

Figure I . -A typical ramp trap used in this experiment.
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Table 1.—Total numbers of each family (in bold) and species

captured in each trap type from Fort Pierre National Grassland,

South Dakota, USA. Numbers represent only mature spiders.

Taxon Pitfalls Ramps

Agelenidae 0 2

Agelenopsis emertoni Chamberlin & 0 2

I vie 1935

Clubionidae 1 4

Clubiona miitata Gertsch 1941 1 4

Corinnidae 13 15

Castianeira clescripta (Hentz 1847) 0 13

Phrurotimpiis certiis Gertsch 1941 10 2

Scolinella piigiiata (Emerton 1890) 3 0

Dictynidae 2 3

Ciairina arcuata Keyserling 1887 2 0

Dictyna terrestris Emerton 1911 0 3

Gnaphosidae 54 49

Cesonia bilineata (Hentz 1847) 0 5

Drassodes auriculoides Barrows 1919 1 7

Drassyllus depressus (Emerton 1890) 2 0

DrassvUus nannelhis Chamberlin & 4 1

Gertsch 1940

Gmiphosa fontinalis Keyserling 1887 14 14

Gnaphosa parvida Banks 1896 1 1

Haplodrassus cliamberlini Platnick & 0 1

Shadab 1975

Sergiolus decoratus Kaston 1945 0 1

Zelotes hentzi Barrows 1945 31 18

Zelotes laccus (Barrows 1919) 1 1

Linyphiidae 45 44

Ceraticelus laticeps (Emerton 1894) 6 1

Ceratinops littoralis (Emerton 1913) 0 1

Coloncus siou Chamberlin 1 949 0 1

Eridemtes erigonoides (Emerton 1882) 10 3

Graminonota vitata Barrows 1919 0 1

Islcmdkma jJaveola (Banks 1892) 12 16

Linyphiidae sp. 1 2 0

Linyphiidae sp. 2 5 0

Linyphiidae sp. 3 1 0

Linyphiidae sp. 4 6 0

Meioneta unimaculatci (Banks 1892) 1 1

Mermessus index (Emerton 1914) 0 1

Mermessus sp. 1 2 16

Mermessus trilobatus (Emerton 1882) 0 2

Walkenaeria spiralis (Emerton 1882) 0 1

Lycosidae 144 599

Hogna frondicola (Emerton 1885) 2 6

Hogna helluo (Walckenaer 1837) 13 5

Pardosa distincta (Blackwall 1846) 42 185

Pardosa modica (Blackwall 1846) 0 2

Piratula minuta (Emerton 1885) 1 0

Schizocosa crassipalpata Roewer 1951 52 317

Schizocosa mccooki (Montgomery 1904) 34 84

Philodromldac 6 90

Ebo latithorax Keyserling 1884 1 0

Thanatus coloradensis Keyserling 1880 5 84

Thanatus strialus C. L. Koch 1845 0 4

Tibellus chamberlini Gertsch 1933 0 1

Tihellus duttoni (Hentz 1847) 0 1

Salticidae 11 8

Habronattiis viridipes (Hentz 1846) 3 0

Neon nelli Peckham & Peckham 1888 1 0

Phidippus clams Keyserling 1885 1 1

Phidippus pins Scheffer 1 905 1 2

Table 1.—Continued.

Taxon Pitfalls Ramps

Salticidae sp. 1 0 1

Talavera minuta (Banks 1895) 5 4

Theridiidae 41 41

Asagena americana Emerton 1882 0 1

Crustidina stricia (O. Pickard-Cambridge

1861)

2 1

Eiiryopsis saukea Levi 1 95

1

0 2

Theridion petraeum L. Koch 1872 1 1

Theridion pierre Levi & Patrick 2013 38 36

Thomisidae 148 85

Ozyptila conspurcata Thorell 1 887 56 13

Xysticus acqiiiescens Emerton 1919 2 8

Xysticus bicuspis Keyserling 1 887 79 52

Xysticus gidosus Keyserling 1880 4 0

Xysticus hictans (C. L. Koch 1845) 7 12

opposite sides (4 cm cut down from top, 5 cm across). The ramps were

cut from sheets of aluminum flashing and the walking surface sprayed

with textured spray paint that could be gripped by the spiders. Each

ramp trap was filled to approximately 3 cm with 100% propylene

glycol. A 38-cm nylon strap with a 20 cm galvanized nail through

each end was used to secure the ramp trap in place (nails driven into

the substrate), to prevent wind from blowing the trap over and to

reduce disturbance by large vertebrates (e.g., browsing deer).

Using the ramp and pitfall traps concurrently, we conducted three

sampling periods during 2010: 26 May to 9 June, 23 June to 7 July

and 21 July to 5 August. The contents of the pitfall and ramp traps

were transferred to Whirl-Pak bags with 100% propylene glycol as the

preservative. Mature spiders were later sorted and identified to species

(when possible), following Platnick (2013). The numbers of species

caught in each trap type during each sampling period were compared

using a one-way ANOVA (Minitab Statistical Software version 15.1:

Minitab 2007), with number of species caught in each trap as the

response variable, and trap type (i.e., pitfall or ramp trap) as the

factor.

We captured 1405 mature spiders from 1 1 families and 60 species

(Table 1). Pitfall traps captured 465 mature specimens from 10

families and 41 species, while ramp traps captured 940 specimens

from 11 families and 48 species (Table 1). Twelve species were

captured only in pitfall traps, and 19 species were captured only in

ramp traps. During the first sampling period, pitfall traps captured an

average of 5.87 ± 0.38 SE species, while ramp traps captured an

average of 7.27 ± 0.44 species (/; = 15 for both: Fig. 2). This

difference was statistically significant (F/ 2s
~

5.82, P = 0.023:

Fig. 2). During the following two sampling periods, pitfall traps

captured an average of 6.00 ± 0.50 and 3.40 ± 0.41 species (Fig. 2),

respectively, and ramp traps captured on average 7.27 ± 0.65 and

3.87 ± 0.37 species (Fig. 2), respectively. The difference was not

significant for the second {Fj^ 28 = 2.39, P = 0.133) or third (F, 28 -
0.77, P — 0.387) sampling periods. However, pooling all three

sampling periods together (n = 45 for each trap type), ramp traps

caught significantly more species (F/ gg
= 4.79, P = 0.031), with an

average of 5.09 ± 0.30 and 6.13 ± 0.37 species, respectively, caught in

pitfall traps and ramp traps.

Compared to pitfall traps, ramp traps captured more than twice as

many specimens and, on average, one more spider species per trap,

making them an effective sampling alternative to pitfall traps. This

result is consistent with other studies that have found ramp traps to be

effective for capturing other epigeal arthropods (e.g., Goulet et al.

2004; Pearce et al. 2005). Although some species were exclusively

caught in only one trap type or the other (Table 1 ), the common species

were captured in both. During the third sampling period, the
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Date traps were opened

Figure 2. —Mean of species captured in pitfall and ramp traps

during each sampling period. (*) indicates a significant difference at

a < 0.05. Error bars represent ± 1 SE.

convergence of the number of species captured with both sampling

methods (Fig. 2) likely occurred because the breeding period for most

wandering spiders was largely over, reducing the number of spiders

searching for mates. Ramp traps had a higher propensity for singletons

and doubletons (Table 1). Although singletons may confound statis-

tical analyses based on abundance, they are valuable for studies seeking

to inventory species present in a given area. Thus, the usefulness of

ramp traps, like pitfall traps, depends upon the goals of the study.

A pitfall trap is open in all directions, while our ramp traps sampled

from two opposite directions. Intuitively, this should reduce the

efficacy of ramp traps, since the open space to enter the trap is greatly

diminished. However, this clearly was not the case as ramp traps

captured more than twice as many spiders. Moreover, ramp traps are

fairly versatile and openings may be added to sample in all four

directions of a square or rectangular container. Modifications could

be made to the ramps to sample virtually in all directions by

expanding the width of the base of the ramp, though Bouchard et al.

(2000) warn that the ramp design should only be modified slightly for

highest efficiency.

Ramp traps are placed on top of the substrate and they are

obviously useful in areas where excavation of any kind is impossible,

difficult, or prohibited. They are easily set up and emptied, and they

require minimal maintenance, though one must be sure that the base

of the ramp is as nush as possible with the substrate. However, if

substrate excavation is possible and long-term, and repeated sampling

in permanent point locations is desired, pitfall traps would be a better

sampling method. Using our sampling design (i.e., permanent PVC
sleeves left in the field) allows the same locations to be sampled

multiple times, which may be desirable for long-term studies.

Ramp traps overcome many of the common problems associated

with pitfall traps (Bouchard et al. 2000), such as fiooding after heavy

rains, dirt falling into the traps, vertebrate by-catch (Pearce et al.

2005) and soil disturbance around the trap. In our study, we did

disturb the vegetation slightly to clear a place for the ramp trap, but

this resulted in far less disturbance than excavating the substrate.

Overall, ramp traps sampled more specimens and more species in the

same period of time, making them a viable alternative to traditional

pitfall traps.
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Abstract. Ballooning, a form of dispersal rarely seen in mygalomorph spiders, was observed in 13 individuals of an

undetermined species of Actinopus under laboratory conditions. After ascending a stick, each spiderling initiated ballooning

from either the horizontal lines between sticks or from the stick’s edges. They became airborne by dropping and dangling

from a dragline, which then gradually lifted and lengthened to 10-15 cm in the breeze, broke at its attachment point, and

served as a ballooning thread. This method of ballooning has also been observed in araneomorphs and other species of

mygalomorphs, and this is probably a more primitive and shorter distance form of ballooning than that typically practiced

by higher araneomorphs, which produce airborne silk lines that are pulled from the spider by air currents and are used

either as spanning lines or as balloon lines that allow the spider itself to become airborne.

Keywords: Ballooning, mygalomorph, Argentina

Observations of the dispersal abilities of mygalomorph spiderlings

have been rarely reported in the literature and have therefore been an

arachnological curiosity, since average mygalomorph spiderlings are

far more massive than the corresponding stages of araneomorphs

(Coyle et al. 1985). In addition, the observations of ballooning

behavior in mygalomorphs could contribute to the understanding of

the evolution of aerial webs in other groups and give us insight into

the pattern of dispersal from maternal burrows (Eberhard 2005).

Although it is well known that many araneomorph spiders disperse

by ballooning (Decae 1987; Suter 1999), ballooning is thought to be

only rarely employed by non-araneomorph spiders (Coyle 1983).

Previous accounts of ballooning or pre-ballooning behavior in non-

araneomorph spiders are easily summarized. The most complete

observations are those of Coyle (1983, 1985) and Coyle et al. (1985) of

Sphodros sp. (Atypidae) and Uininidia sp. (Ctenizidae); Eberhard

(2005) reported on another Umniidia species. Spiderlings of these

species moved along bands of silk lines and launched themselves into

the air after dangling at the ends of draglines. Enock (1885) observed

spiderlings of Atypus piceus (Sulzer 1776) (Atypidae) leaving their

maternal tubes, trailing draglines and ascending plants, an apparent

prelude to ballooning. Baerg (1928) described groups of spiderlings of

Ummidia carcihivom (Atkinson 1886) (Ctenizidae) dispersing from the

maternal burrow along wide silk trails to elevated sites, but did not

actually observe ballooning. Muma & Muma (1945) also observed

silk bands produced by the spiderlings of Sphodros riifipes (Latreille

1829), and although they stated that the spiderlings dispersed by

ballooning, they did not describe the ballooning process. Cutler &
Guarisco ( 1995) observed a group of spiderlings of S. fitchi Gertsch &
Platnick 1980 and apparent ballooning attempts at the top of a small

tree. Main (1957) suggested that Conothele malayana (Doleschall

1859) spiderlings balloon, but only on the basis of observing fine

threads of silk produced by spiderlings. Although strongly suggesting

that these five mygalomorph species do balloon, these observations

are incomplete and have understandably been treated with caution

(Bristow 1939; Gertsch & Platnick 1980; Coyle 1983). This note

reports an observation of dispersal and ballooning under laboratory

conditions by spiderlings of an undetermined species of Actinopus

(Actinopodidae), the first evidence of ballooning in this family.

One adult female of Actinopus sp. was collected on 20 October 201

1

at Sierra de la Ventana (38°04'21 .3"S, 62°03'02.6"W) (Buenos Aires

province, Argentina). Voucher specimens from this study were

deposited in the collection of the Laboratorio de Zoologia de

Invertebrados II, Universidad Nacional del Sur (Bahia Blanca,

Argentina). The spider was maintained in a plastic vial (10 cm high

and 4.5 cm diameter) with a layer of soil approximately 8 cm deep,

allowing the construction and observation of the burrow and trap door.

We used a 12 h light/dark cycle, and the room temperature was 26.7 ±
1.52°C. On 28 November 2012, an egg sac was observed inside the

burrow. The pale yellow egg sac was nearly hemispherical in shape

(diameter 13.3 mm), similar to that reported by Galiano & GolobolT

( 1 996) for Actinopus cf. insignis (Etolmberg 1881). The female’s vial was

transferred to a glass terrarium 30 X 35 cm and 30 cm high. It was placed

on a substrate of polystyrene and two bunches of sticks, 1 5 cm high, were

placed in the center of the container to allow the spiderlings to climb. At

about 15;37 on 20 March 2013, an aggregation of four Actinopus sp.

spiderlings was discovered inside the container. Tlie period of spiderling

emergence (during March) was the same as that reported in the field for

an Actinopus species from the Ventania hilly system in southern Buenos

Aires province (Eerretti et al. 2012). The lengths of 46 spiderlings from

the dispersal aggregation, including chelicerae and spinnerets, averaged

3.58 mm (range 3.1 4.3 mm). The average width of the prosoma was

1.68 mm (/; = 10, range 2. 1-3.3). Spiderlings were weighed with an

Ohaus PA313 Explorer Precision Balance. Mean spiderling weight was

5.83 mg (/; = 12, range = 0.005 0.007).

During 1 h the spiders slowly walked on the silk mats from the

burrow entrance and climbed to the margins of the terrarium.

Spiderlings migrated in small groups from their mother’s burrow to

the ballooning site. They emerged one by one from under the lid,

which was slightly open, and climbed up along a trail laid by previous

spiderlings. At about 18:50 one group of four and one of five

spiderlings walked along the silk threads and two of them ascended

the sticks by walking and climbed on a dense silk mat 7 mm wide

between two sticks (5-6 cm away). Although not observed in detail,

previous spiderlings must have made this trip to deposit this dense silk

mat. A band of silk about 2 mm wide extended from the margins of

the terrarium along the stick surface (8-9 cm). At about 21:00, a fan

of 15 cm diameter was placed 50 cm away from the container to

generate a consistent air fiow of about 200 CEM (cubic feet per

minute). The spiderlings moved noticeably faster as they climbed up

the ascent routes.

407



408 THE JOURNAL OF ARACHNOLOGY

Then, at 21:33, 13 spiderlings ballooned by producing two or more

draglines as they walked along horizontal lines. Some kept their

spinnerets spread as they walked. Each spiderling walked upside

down along aerial cables and ascended the sticks, finally arriving on

the tip of the highest sticks. If not yet on the edge of a stick, the

spiderling would walk to the edge. It would then tilt its cephalothorax

upward, lift its first two pairs of legs and palps off the silk, and extend

them out from the stick edge. Then, spiderlings dropped 10 to 15 cm
down from the edge on their draglines and dispersed aerially, both

from the horizontal lines between sticks and from the stick edges. The

spiderlings descended slowly straight downward and facing down-

ward, with their legs spread and immobile. The spinnerets were spread

as the spider descended. Eventually the dragline would become long

enough that the force of the breeze broke it near its point of

attachment to the platform and the dragline, and the attached

spiderling drifted through the air.

Successful launchings were observed very infrec]uently (five cases of

13 observed attempts). More commonly, after dropping on a dragline

in the manner just described, the spiderling was either blown against

the stick's surfaces (after which it ascended to repeat the launching

process) or the spiderling drifted to the ground of the terrarium. By

passing our hands through the air between the spiderlings and sticks

after launching, we observed that some draglines attached to

spiderlings after they were launched.

As observed for other mygalomorph genera, the Aclinopiis

spiderlings migrated as a group from their mother's burrow to the

ballooning site, forming a strong band of silk (Coyle 1983, 1985;

Coyle et al. 1985). Such mass movement, and the resulting formation

of compact aerial silk highways, is very unusual in araneomorph

spiders. As proposed by Eberhard (2005), spiderlings may benefit

from moving as groups; following lines established by nest mates may
facilitate rapid movement to ballooning sites. This aerial dispersal

mechanism could produce a scattered distribution pattern, as

reported for Sphodros rufipes and S. athniticus Gertsch & Platnick

1980 (Coyle & Shear 1981). Unfortunately, the spatial distribution of

Actinopus species in the field has not been studied in detail.

The band of silk observed in this study extending from the margins

of the terrarium along the stick surfaces probably marked the ascent

route followed by most or all of the brood, as was seen in Sphodros sp.

(Coyle 1983). As we observed in Actinopus spiderlings, both Coyle

(1985) and Eberhard (2005) reported that spiderlings of Unindda spp.

walked with their spinnerets spread, producing at least two lines and

probably more. The ability of spiderlings to walk upside down along

aerial cables may be a very ancient trait, and as proposed by Eberhard

(2005), it could have been important in facilitating the evolution of

aerial webs in other groups.

This Actinopus method of ballooning by dropping and dangling

from a dragline that is lifted and lengthened by the breeze, breaks

near the substrate, and finally serves as the ballooning thread, has

also been observed in araneomorphs such as dysderids and segestrids

(Bristowe 1939, 1958). This is probably a more primitive and shorter

distance form of ballooning than that practiced by higher araneo-

morphs (Coyle 1983), which produce airborne silk lines that are

pulled from the spider by air currents and are used either as spanning

lines that serve as bridges to distant objects or as balloon lines that

allow the spider itself to become airborne (Eberhard 1987). Our
observations of Actinopus ballooning are compatible with the

hypotheses of the initiation of ballooning lines by dragline breaking

proposed for other mygalomorphs by Coyle (1983, 1985) and

Braendegaard (1938) for dictynid spiderlings.
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SHORT COMMUNICATION

Two new North American Theridion species (Araneae: Theridiidae)

Herbert W. Levi' and L. Brian Patrick^: 'Museum of Comparative Zoology, Harvard University, 26 Oxford Street,

Cambridge, MA, 02138-2902, USA. E-mail: levi@fas.harvard.edu; -Department of Biological Sciences, Dakota

Wesleyan University, 1200 W. University Ave., Mitchell, SD, 57301, USA

Abstract. Two new species in the genus Theridion Walckenaer 1805 (Araneae: Theridiidae) are described: T. lagan, sp.

nov., from Utah, USA, and T. pierre, sp. nov., from South Dakota, USA. Diagnoses, descriptions and habitat notes are

provided for both sexes of these new species. Both species are from open, grassland-type habitats.

Keywords: cobweb weavers, grassland, prairie, sagebrush steppe

The cosmopolitan genus Theridion Walckenaer 1805 has over 570

species worldwide, and over 50 species in North America north of

Mexico (Platnick 2013). The last major taxonomic revisions of North

American species of the genus were by Levi (1957, 1963), and there

has been recent molecular phylogenetic work on the genus (Arnedo

et al. 2007). Here we report two new North American species in the

genus. One of these is from a well-collected area near Salt Lake City,

Utah, and the other from the Fort Pierre National Grassland in

central South Dakota, both collected using pitfall traps. Following

Levi (1957, 1963), both species are placed in the genus Theridion

based on the lack of colulus, the sub-spherical abdomen, the male

palpus with a well-developed radix and median apophysis, and an

alveolus of the male palpus that occupies the whole cymbium.

Specimens were examined using a Leitz dissecting scope, and

drawings were made by hand using a reticule with a grid on the

dissecting scope eyepiece, and drawn on tracing paper placed on top

of gridded paper. Measurements were made using the reticule grid; all

measurements are in millimeters. Abbreviations: AMNH - American

Museum of Natural History; MCZ - Museum of Comparative

Zoology, Harvard University.

Theridion logon sp. nov.

(Figs. 1-5)

Type material.—Male holotype with 2 female paratypes from

Logan Canyon, Cache Co., Utah, USA. Woodcamp, 41°47.97'N,

111°38.96'W, at 1715 m from sagebrush steppe, 9 July 2008 (coll.

S.M. Cobbold) in MCZ.
Etymology.—The species is named after the type locality, the name

being a noun in apposition.

Diagnosis.—The species is most similar to Theridion rabimi

Chamberlin & Ivie 1944 but differs from it as follows: the male

median apophysis of T. logon has three prongs (MA in Fig. 4), its

radix is reduced (R in Fig. 5) and the conductor rises diagonally to

the tip (C in Fig. 5); in contrast to T. rabimi, the female epigynum of

T. logon lacks the pair of secondary depressions within the central

depression and possesses a posterior transverse sclerotization (PTS in

Fig. 3).

Description.

—

Female: Paratype from Logan Canyon. Carapace

dusky yellow with black marks (Fig. 1). Sternum black. Dorsum of

abdomen with median lobed, light band, sides speckled (Fig. 1);

venter with a pair of light spots on black (Fig. 2). Anterior median
eyes slightly smaller than others, 1.5 diameters apart and less than one

diameter from lateral median eyes, others subequal in size. Posterior

median eyes one diameter apart from each other and from posterior

lateral eyes. Total length 2.2; carapace 0.7 long, 0.7 wide. First femur

1.0, patella and tibia 1.0, metatarsus 0.7, tarsus 0.5. Second patella

and tibia 0.7, third patella and tibia 0.4, fourth patella and tibia 0.7.

Male: Holotype from Logan Canyon. Carapace and sternum

slightly lighter than in female. Abdomen as in female. Eye size and

spacing as in female. Total length 1.7. Carapace 0.7 long, 0.6 wide. First

femur 1 .7, patella and tibia 1 .2, metatarsus 0.9, tarsus 0.5. Second patella

and tibia 0.6, third patella and tibia 0.5, fourth patella and tibia 0.8.

Note.—The thin internal female ducts could not be discerned, the

seminal receptacles are pear-shaped, their narrow end to the

posterior. The few females available show variation in their

epigynum. The seminal receptacles may be closer together and the

posterior of the depression wider than in Fig. 3. There is a posterior

slit-shaped, transverse depression with a lip (Fig.3), which in some is

less distinct. The pair of ventral white patches varies in size.

Other specimens.

—

Paratypes: USA: Utah, Cache Co., Hardware

Ranch, 41°36.11'N, 111°33.94'W, sagebrush steppe, 25 June 2009, 2

females (coll. L.F. Spears, MCZ); Logan Canyon, Forestry Station,

41°52.42'N, 111°33.74'W, 1915 m, sagebrush steppe, 30 June 2008, 1

male, 2 females (coll. S. M. Cobbold, AMNH).

Theridion pierre sp. nov.

(Figs. 6-12)

Type material.—Male holotype, with two male and one female

paratypes from Fort Pierre National Grassland, 596 m, Stanley Co.,

South Dakota, USA, 44°11.52'N, 100T)2.52'W, 26 May to 9 June

2010, (coll. L.B. Patrick. J. Werner, A. Walter) from pitfall traps, in

MCZ.
Etymology.—The species is named after the type locality, and the

name is a noun in apposition. As the species is named after a location,

the proper pronunciation of the specific epithet should follow the

pronunciation of the geographic area of the location. The name of the

capital of South Dakota, USA, is Pierre, and is pronounced the same

as the American English word “peer.”

Diagnosis.—The palpus has a short embolus like T. dukinewn

Gertsch & Archer 1942 (E in Fig. 12), but differs by having a distal

sclerotized hooked conductor (C in Fig. 12) and by the median

apophysis bearing a long tooth (MA in Fig. 1 1 ). The epigynum differs

from all other Theridion species by having an indistinct transverse

depression (Fig. 7), which may have a copulatory plug (Fig. 8).

Description.

—

Female: Carapace dusky yellow with black eye

region and black line around margin (Fig. 9). Abdomen light gray,

with a black mark above and dorsal of spinnerets. Eyes subequal in

size. Anterior medians 1.2 apart, 0.3 from laterals. Posterior median

eyes one diameter apart from each other, 0.5 diameter apart from

posterior lateral eyes. Total length 1.3; carapace 0.6 long, 0.6 wide.

First femur 0.7, patella and tibia 0.8. metatarsus 0.6, tarsus 0.4.

Second patella and tibia 0.5, third patella and tibia 0.4, fourth patella

and tibia 0.6.
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Figures 1-5 .— Theridion logaii new species. 1-3, female. 1, habitus, dorsal. 2, abdomen, ventral. 3, epigyniim, ventral. 4-5, left male palpus. 4,

mesal. 5, ventral. Scale bars = 1.0 mm, and 0.1 mm for genitalia. Abbreviations: C, conductor; E, embolus; MA, median apophysis; PTS,

posterior transverse sclerotization; R, radix.

Male: Coloration as in female, with only some black pigment

spots between eyes. Eyes subequal. Anterior median eyes one

diameter apart from each other, 0.5 diameter from anterior lateral

eyes. Posterior median eyes one diameter apart from each other and

from posterior lateral eyes. Total length 1.3. Carapace 0.7 long, 0.6

wide. First femur 0.9, patella and tibia 1.0, metatarsus 0.7, tarsus 0.4.

Second patella and tibia 0.7, third patella and tibia 0.5, fourth patella

and tibia 0.7.

Note.—The thin internal female ducts traverse a loop (Fig. 6). The
epigynum (Fig. 7) may have a plug (Fig. 8).

Remarks and Natural History.—All specimens reported here were

collected with pitfall traps open for 14 days and containing 100%
propylene glycol. The species has been collected from multiple

locations within the Fort Pierre National Grassland. The dominant
vegetation cover of these northern wheatgrass-needlegrass plains

include western wheatgrass (Pa.scopyruni sniithii), various needle-

grasses (Stipa sp.) and blue grama grass (Bouteloua gracilis).

Additional specimens (not reported here) were caught through litter

sifting, with ramp traps and with vacuum sampling. Other spider

species commonly caught with this species included Ozyptila

conspurcata Thorell 1 877 (Thomisidae), Xysticus bkuspis Keyserling

1877 (Thomisidae), Schizocosa crassipalpata Roewer 1951 (Lycosi-

dae), Pardosa saxatilis (Hentz 1844) (Lycosidae) and Eridantes

erigonoides (Emerton 1882) (Linyphiidae).

Other specimens.

—

Paratypes: USA: South Dakota, Stanley Co.,

Fort Pierre National Grassland, pitfall traps, 26 May-9 July 2010, 50

males, 18 females (coll. L.B. Patrick, in MCZ); 2 males, 1 female (coll.

L.B. Patrick, in AMNH); Sept., Oct. 1 male (coll. L.B. Patrick, in

MCZ).
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SHORT COMMUNICATION

On the date and organ of publication for the endemic Galapagos scorpion Centmroides exsul

(Scorpiones: Buthidae) by Wilhelm Meise, with a revision of its distribution and type material

Markus Lambertz: Institut fiir Zoologie, Rheinische Friedrich-Wilhelms-Universitat Bonn, Poppelsdorfer Schloss, 53115

Bonn, Germany. E-mail: lanibertz@imi-bonn.de

Abstract. There are conllicting statements in the literature about the date and organ of publication for the endemic

Galapagos scorpion Centruroides exsul (Scorpiones: Buthidae) by Wilhelm Meise. In contrast to what the current

authoritative taxonomic references suggest, this species was not described in 1934 but rather in 1933. Before the article

containing the description finally was included in Volume 74 of the Norwegian journal Nyt Magazin for

Naturvidenskaberne in 1934, it was distributed as a preprint in the form of Volume 39 of the separately issued series

Meddelelser fra det Zoologiske Museum, Oslo in 1933. The latter publication, in full agreement with Article 21.8 of the

International Code of Zoological Nomenclature, has priority over the former and consequently has to be referred to when

citing the original taxonomic reference. The present contribution furthermore reviews the distribution of this species and,

due to loss and mislabeling, revises its type material.

Keywords: Ecuador, nomenclature. South America, taxonomy

Wilhelm Meise ( 1901-2{)()2) is best known as a gifted and productive

ornithologist who, as a doctoral student of Erwin Stresemann (1889-

1972) at the Zoological Museum in Berlin in the 1920s and as a

contemporary of Ernst Mayr (1904-2005), was part of a prominent

group of early twentieth century scientists (Haffer 2003). For detailed

information about his personal life and career, see also the accounts by

Hoerschelmann (2002, 2003a). While the majority of his publications

indeed focus on birds (Hoerschelmann 2003b), Meise showed a wide

range of scientific interests and expertise. The most notable of these are

probably his work in herpetology, which included the very first two

publications of Willi Hennig (1913-1976) (Meise & Hennig 1932, 1935).

During his early years, Meise was employed at the Museum fiir

Tierkunde in Dresden (Germany), where he also undertook an

evaluation of the scorpions collected by Alf Wollebiek (1879-1960)

during the latter’s expedition to the Galapagos Islands in 1925.

Wollebiek collected five specimens of a single species of scorpion,

which in turn was described by Meise as the new subspecies

Rliopciliinis testaceiis exsul.

A review of the Galapagos-relevant scorpion literature, however,

revealed conllicting statements about the year and origin of

publication for this species, which currently is known as Centruroides

e.xsul. Although the name of the author of a given species does not

form part of the taxon’s name, its citation is strongly advisable (ICZN
1999: Art. 51.1 and Recommendation 51 A) and in several journals is

fortunately even required. Three different varieties of indication of

authorship for this species are known to date:

"Centruroides exsul Meise, 1933": Baert (2013): entry no. 93 (p. 15,

but not paginated), only by year in the checklist, without citation in

the reference section.

"Centruroides exsul (MCkq, 1933)’’: Kinzclbach (1973): p. 2.

Maury (1974): p. 19, mentioned only as "Centruroides e.xsul

(Meise)’’ in the text, but with citation of the paper from 1933 in the

reference section.

Kinzelbach (1982): p. 118.

Lourenqo & Mendez (1984): p. 86 only by year in the text, without

citation in the reference section.

Kovafik (2002): p. 6, only by year in the checklist, without citation

in the reference section.

"Centruroides ex.sul (Meise, 1934)’’: Sissom & Lourenqo (1987):

p. 22.

Fet & Lowe (2000): p. 104.

Since particularly the taxonomic revision by Sissom & Lourenqo

(1987) and also the comprehensive and authoritative catalog by Fet &
Lowe (2000) use the differing “(Meise, 1934)’’ reference, and at least

one of the major on-line taxonomic databases (GBIF 2013) follows

this latter allocation, it seems justified to elucidate this formal issue

here. This is especially true as not only the year, but also the journal

title, differs between Meise (1933) and Meise (1934).

Indeed, there are two independently issued publications, namely

the 1933 and the 1934 papers by Meise. However, both have exactly

the same content and differ only in the title and heading on the first

page (Fig. 1). The publication from 1933 turns out to be an offprint

distributed separately and issued in form of the series Meddelelser

fra det Zoologiske Museum, Oslo, ahead of the final inclusion of the

article in the Nyt Magazin for Naturvidenskaberne in 1934.

Although the entire volume of the latter appeared in 1934, Meise’s

article contains a note at the end that it was previously printed on 14

October 1933 (see Fig. 1). However, according to Article 21.8 of the

International Code of Zoological Nomenclature (ICZN 1999), the

preprint from 1933 unequivocally has priority and counts as the

formal publication containing the species description. Since this

paper was distributed as part of an individually and sequentially

numbered series (Meddelelser fra det Zoologiske Museum, Oslo),

this publication has to be used to give reference to the species

description.

Due to certain additional inconsistencies in the literature, especially

regarding the type material, it seems appropriate to provide a formal

and revised account for this species, which includes the first

photographic illustration of the holotype. Institutional abbreviations

are NHMO for the Naturhistorisk Museum Oslo (Norway) and

SMTD for the Senckenberg Naturhistorische Sammlungen Dresden

Museum fur Tierkunde (Germany).

Centruroides exsul (Meise 1933)

Fig. 2

Synonymy.—see Kinzelbach (1973:2; 1982:118) and Fet & Lowe

(2000:104).

Type specimens. -Holotype female, close to the beach (“Strandre-

gion”). Post Office Bay, Isla Floreana, Galapagos Archipelago,

Ecuador, 16-20 September 1925, Alf Wollebcck (NHMO Ga 1062).
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THE NORWEGIAN ZOOLOGICAL EXPEDITION
TO THE GALAPAGOS ISLANDS 1925, CONDUCTED

BY ALF WOLLEBi€K

SCORPIONES
VON

WILHELM MEISE

OSLO 1933
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The Norwegian Zoological Expedition
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1. Uber die Skorpione der Galapagos-Inseln.

"1 <len Qalapagos lnseln sind bis heute m. W. drei Nanien
' von Skorpionen bckannl geworden. W. Beebe sammelte

1923 auf dcr Insel Eden (bei Indefatigable) die s&daroerikanische

Art Hadruroides lunalus (L. Koch). (W. Beebe. Galapagos,

das Ende der Welt. Leipzig 1926, S. 95 u. 346). Der Fischdampfer

Albatross hat — wie Marx in Proc. U. S. Nat. Mas. Bd. 12,

S. 211. 1889 berichtet — zwei Arten mitgebracht, die durch

nonnna nuda bczeichnet und m. W. nicbt wieder erwShnt Nvorden

sind. Die Stelle lautet: *Centruroides luctifer sp. nov. From
Indefatigable Island, Galapagos; a very interesting species.

Vejovis galapagoensis sp. nov. From Chatham Island, Gala-

pagos.* Ob die ersle dieser beiden Arten rait der unten neu

benannten identisch ist. weiB ich nicbt.

Ober die Herkunft elnes Skorpions der Galapagos-Inseln

hat N- Banks in Nyt Mag. f. Naturvidenskab. Bd. 68, S. 271.

1931 (= Medd. Zool. Mus. Oslo 22) eine Meinung geauOert, die

aber auf einem Irrtum beruhl. Hadruroides lunatus, den

Skorpion aus Sildamerika, fuhrt er namlich als Beispiel filr

aiiOeramcrikanischen Ursprung gewisser Beslandteile der Gala-

pagosfauna an.

Obwohl icb es fur moglich balte, daQ die Skorpione der

Galapagos-Inseln nicbt endemisch, sondern vom Menschen ein-

gesclileppt worden sind — und zwar auch die unten benannte

Art —
, darf ich doch nicbt verschweigen, daU schon 1824 von

den Leuten Lord Byrons (H. M. S. Blonde) in der Tagusbucht
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1. Uber die Skorpione der Galapagos-Inseln.

V on den Galapagos-Inseln sind bis heute in. W. drei Namen
von Skorpionen bekunnt geworden. W. Beebe sammelte

1923 auf der Insel Eden (bei Indefatigable) die sudamerikaniscbe

Art Hadruroides lunalus (L, Koch). (W. Beebe. Galapagos,

das Ende der Welt, Leipzig 1926, S. 95 u. 346). Dor Fischdampfer

Albatross hat — wie Marx in Proc. U. S. Nat. Mus. Bd 12,

S. 211, 1889 berichtet — zwei Arten mitgebracht, die durch

Domina nuda bezeicbnet und m. W. nicbt wieder erwahnt worden

sind. Die Stelle lautet* •Centruroides luctifer sp. nov. From
Indefatigable Island, Galapagos; a very interesting specie-s.

Vejoois galapagoensis sp. nov. From Chatham Island. Gala-

pagos.* Ob die erste dieser beiden Arten mit rier unten neu

benannten identisch ist, weiB ich nicbt.

Uber die Herkunft eines Skorpions der Galapagos-Inseln

hat N. Banks in Nyt Mag. f. Naturvidenskab. Bd. C8, S. 27],

1931 (= Medd. Zool. Mus. Oslo 22) eine Meinung geauBert, die

aber auf einem Irrtum beruht. Hadruroides lunatus. den

Skorpion bus Sudamerika, fuhrt er namlich als Beispiel fur

auBeramerikanischen Ursprung gewisser Bestandteile der Gala-

pagosfauna an.

Obwohl icb es fur moglich halte, daO die Skorpione der

Galapagos-Inseln nicht endemisch, sondern vom Menschen ein-

geschleppt worden sind — und zwar auch die unten benannte

Art —
,
darf ich doch nicht verschweigen. dafl schon 1824 von

den Leuten Lord Byrons (H M. S. Blonde) in der Tagusbucht
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Figure la-d.—Reproductions of the bibliographically relevant aspects from the two publications by Wilhelm Meise. a. Cover sheet of the

separately issued and individually bound preprint from 1933; b. Title page of this preprint; c. Title page of the final journal article from 1934,

note—in comparison to the preprint from 1933—the lacking extra heading, slightly different vertical arrangement of the title, author’s name, etc.,

but identical body of text; d. Remark on the actual date of printing (14 October 1933) from the end (unpaginated page following p. 43) of the

final journal article from 1934.

Paratype: 1 female, same locality as the holotype, 20-30 November

1925, Alf Wollebtek [SMTD “O 691”, not available (but see Remarks

below)].

Distribution.—Espanola (= Hood): no specific locality [Banks 1902

(as “Centrums princeps Karsch”); Jackson 1993; Baert 2013].

Floreana (= Santa Maria, Charles): “Post Office Bay” (type locality);

Meise 1933; Kinzelbach 1973; Sissom & Lourengo 1987), no specific
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Figure 2.—The holotype (NHMO Ga 1062) of Centniroules e.xsiil

(Meise 1933) along with its respective labels. Scale = 5.0 mm. Photo:

Karsten Sund, Natural History Museum, University of Oslo, Norway.

locality [Butler 1877 (as “Anclmctoiiiis aiiiericiis Linnaeus”); Jackson

1993]. Marchena (= Bindloe): “Cabo Espijo Camp” (Sissom &
Louren^o 1987). Pinta (= Abingdon): “south coast” (Kinzelbach

1973; Sissom & Lourengo 1987), “south slope” (Sissom & Lourengo

1987), “South Playa” (Sissom & Lourengo 1987), no specific locality

(Kinzelbach 1973; Jackson 1993; Kovafik 2002; Baert 2013). San

Cristobal (= Chatham): no specific locality (Kinzelbach 1973;

Jackson 1993), “found only at an elevation of 1,000 feet in the

interior island” [Snodgrass 1902 (as “Centrums princeps")]. San

Salvador (= James, Santiago): no specific locality (Baert 2013). Santa

Cruz (= Indefatigable): “Academy Bay” (Kinzelbach 1973; Sissom &
Lourengo 1987; Kovafik 2002), “Table Mountain” (Kinzelbach 1973;

Sissom & Lourengo 1987), no specific locality [Marx 1890 (as

“Centruroides luctifer sp. nov.,” iiomeii muhun)\ Kinzelbach 1973;

Jackson 1993; Kovafik 2002; Baert 2013].

Possible non-Galapagos records.—Peru (no specific locality, inter-

preted as non-native, Sissom & Lourengo 1987), Panama (Provincia

de Chiriqui, record requires confirmation: Lourengo & Mendez 1984).

Remarks.—Beside the one from SMTD (see below), Fet & Lowe
(2000:104) list an additional putative female paratype from the

Zoologisk Museum Oslo (ZMO, today NHMO, Norway), which

most likely has to be regarded as invalid. Meise (1933:27) explicitly

designated the specimen with Wolleb;ek’s field number 40 (today,

NHMO Ga 1062) as holotype and one specimen (with field

number 21) from the Museum fiir Tierkunde in Dresden (O 691,

SMTD, Germany) as paratype. He then wrote that beside these

specimens, there were three additional females deposited at NHMO.
However, he did not automatically designate them as paratypes,

which is evident from the fact that he used the German singular for

paratype (= Paratypus) and not the plural (= Paratypen). The whole

passage in the original description reads: “Typus im Zoologisk

Museum in Oslo, $ von Florana (sic). Post Office Bay, Strandregion,

Wollebffik leg. Nr. 40 (16.-20. 9. 1925). Paratypus im Museum
Dresden O 691, ? vom gleichen Fundort, Strandregion, 20.-30. 11.
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1925. Wollebffik leg. Nr. 21. AuBerdem sind 3 ? vom gleichen Fundort

im Museum zu Oslo (Nr. 25 ad. u. juv., Nr. 24, September bis

Oktober).” Beside the holotype, there are currently four additional

specimens deposited at NHMO, to all of which Sissom & Lourengo

(1987; p. 22) referred as paratypes. They are still labeled with

Wollebffik’s field numbers (24: one specimen under Ga 1061; 25; three

specimens under Ga 1060). In fact, there seems to be no formal

justification to treat any of these as a paratype. The only known
initial paratype, originally deposited at SMTD (O 691), is not directly

traceable today, although it appears plausible that this is the extra

third specimen now deposited under Wollebfek’s field number 25

(which, according to Meise, originally were only two). However, due

to the lack of an individual label (e.g., the original field tag with

number 21) and the lack of any illustrations of the paratype, it is

impossible to identify this specimen reliably today.
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SHORT COMMUNICATION

Homolophus hastawadei, a replacement name for the homonym Euphalangium martensi

(Opiliones: Phalangiidae)

Wojdech Starfga: Institute of Biology, Natural History and Humanistic University, Prusa 12, 08-110 Siedlce, Poland.

E-mail: wojstar@vp.pl

Abstract. A new name Honolophus bastawadei is proposed for Euphalangium martensi Das and Bastawade 2006 non

Stargga 1986.

Keywords: Nomenclature, new name

The name Euphalangium martensi was given by Stargga (1986) for a

species from an unspecified locality in eastern Tibet. Twenty years

later the same name was used by Das & Bastawade (2006) for another

species from the state of Himachal Pradesh in India. Both names are

homonyms, and according to the International Code of Zoological

Nomenclature (1999) the younger name must be changed. Attempts

were made to contact the Indian authors suggesting they make the

change by themselves, but with no success.

The situation is even more complicated because the generic name
Euphalangium Roewer 1911 is not nomenclatorically available any

more since Cokendolpher (1987) regarded it as a junior synonym of

Homolophus Banks 1893. This opinion was confirmed by Tsurusaki

et al. (2000), Stargga (2003) and Stargga & Snegovaya (2008).

Taking the above reasons into consideration I feel obliged to

propose a new name Homolophus bastawadei nom. nov. to replace

Euphalangium martensi Das & Bastawade 2006. It is given in honor of

the well-known Indian arachnologist, Dr. Deshbhushan B. Bastawade.
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SHORT COMMUNICATION

On Speleosiro argasiformis—a troglobitic Cyphophthalmi (Arachnida: Opiliones: Pettalidae) from Table

Mountain, South Africa

Gonzaio Giribet', Benjamin L, de Bivort-, Anthony Hitchcock^ and Peter SwarC: 'Museum of Comparative Zoology,

Department of Organismic and Evolutionary Biology, Harvard University, 26 Oxford Street, Cambridge,

Massachusetts 02138, USA. E-mail: ggiribet@g.harvard.edu; ^Rowland Institute at Harvard, 100 Edwin Land
Boulevard, Cambridge, Massachusetts 02142, USA; ^Kirstenbosch National Botanical Garden, Cape Town, Western

Cape Province, South Africa; ^QlikView South Africa, PO Box 310, Rondebosch 7100 South Africa

Abstract. We report the recent collection and observation of large numbers of specimens of the troglobitic harvestman

Speleosiro argasiformis Lawrence 1931 in the Wynberg Cave system, Table Mountain, South Africa. Specimens were

collected and/or photographed in different caves of the system. Live observation showed specimens fleeing bat carcasses

when disturbed.

Keywords: Wynberg cave, Gondwana

Cyphophthalmi or mite-harvestmen are mostly known from

pristine forests in continental landmasses and islands of continental

origin, and some species are known to inhabit cavernicolous

environments. Cave cyphophthalmids are not uncommon, with

several species described from around the globe (e.g., Juberthie

1971; Rambla and Juberthie 1994; Schwendinger et al. 2004). But

only a few of these are true troglobites (also called troglomorphs or

troglobiomorphs), possessing morphological adaptations such as

lighter pigmentation, reduced eyes, and elongated appendages. Of
these true troglobites, most species have small distribution areas and

often are the only representatives within their respective families that

show such adaptations. This results in a long list of described

monotypic genera of cyphophthalmid troglobites, including Tran-

teeva Kratochvil 1958 (Sironidae; now in Cyphophthaimus Joseph

1868), Shearogovea Giribet 201 1, and Marwe Shear 1985 (of uncertain

affinities), Canga DaSilva, Pinto-da-Rocha & Giribet 2010 (Neogo-

veidae, although this species is probably a troglophile or even a

trogloxene), a few stylocellids (e.g., Fangensis Rambla 1994), and

Speleosiro Lawrence 1931 (Pettalidae), the latter being the subject of

this note.

The first true troglobiomorphic cyphophthalmid described with

elongated appendages and large body size was Speleosiro argasiformis

Lawrence 1931 from Wynberg Cave in Table Mountain (Western

Cape Province, South Africa) (Lawrence 1931). Speleosiro argasifor-

mis is the only member of the Gondwanan family Pettalidae that

inhabits the dark zone of caves, despite the high diversity of pettalids

in New Zealand (Forster 1948, 1952; Boyer and Giribet 2009),

Australia (Juberthie 1989; Giribet 2003; Boyer and Reuter 2012),

Chile (Shear 1993), and South Africa (Hansen and Sorensen 1904;

Lawrence 1931, 1933, 1939, 1963; de Bivort and Giribet 2010). Here

we summarize the knowledge on S. argasiformis, accompanied with

new data and observations on its abundance and behavior in different

caves of the Wynberg cave system.

We have studied all known specimens of S. argasiformis, including

those deposited in museum collections. We also review all the literature

citations known to us. In addition, we provide new observations on

collections made by the authors during a visit to the Wynberg cave system

on 5 November 2011. Additional photographic material was available

from prior visits to the caves by A. Hitchcock and P. Swart. Newly acquired

specimens are deposited in the Museum ofComparative Zoology, Harvard

University, Cambridge, Massachusetts (USA; MCZ IZ- 134759- 134762).

Historical specimens are deposited in the South African Museum, Cape

Town, Western Cape Province (South Africa; SAM), or in the Natal

Museum, Pietemiaritzburg, KwaZulu-Natal (South Africa, NMSA).

• Speleosiro argasiformis

O Paralamyctes sp.?

Wynberg Cave, Table Mountain
Figure 1. -

- Profile of the Wynberg Cave system, with localities where S. argasiformis was located. Other new arthropod species are indicated.

416
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Figure 2.—A. Male adult individual near entrance (right red dot in Fig. 1). B. Adult female near cave entrance. C. Adult female near cave

entrance. D. Bat carcass with a fleeing Speleosiro specimen and the rear end of another specimen under the carcass visible (see inset). E. A
different bat carcass in the bottom of the cave (mid red dot in Fig. 1) with a juvenile specimen fleeing after being disturbed.

Material examined.

—

Type material: SOUTH AFRICA: Western

Cape Province: holotype female, Wynberg Caves, 1913, K.H. Barnard

(SAM B1473).

Other material examined: SOUTH AFRICA: Western Cape

Province: 1 male, 2 juv., Wynberg Caves (NMSA 7660) (the two

subadult females reported as additional material in the original

description; the male described on p. 503) (see below); 1 male, 1

female. Bat’s Cave, November 1960, N. Leleup (NMSA); 1 female,

Wynberg Caves, 30 July 1988, M. Bing (NMSA 14657); 1 female.

Bat’s Cave, 1956, University of Cape Town Ecological Survey (SAM
C2022); 1 female, Wynberg Caves, under rocks, 25 Septemberl960

(SAM C2023); 8 specimens, Wynberg Cave, 5 November 2011 (MCZ
IZ-134759); 1 male, Wynberg Cave, 5 November 2011 (MCZ IZ-

134760); 1 female, Wynberg Cave, 5 November 2011 (MCZ IZ-

134761); 2 females, 1 juv., Inukshuk Cave, 5 November 2011 (MCZ
IZ- 134762). (We differentiate between Wynberg Caves in the old

labels, and Wynberg Cave in the new collections, as the caves system

has been mapped recently but the older labels referred to as the entire

Wynberg Cave system and it is unclear whether “Wynberg Caves’’

refers to what it is currently recognized as Wynberg Cave or to any of

the other connected caves.)

Geographic and geologic setting.—All specimens have been collect-

ed from three caves in the V/ynberg Cave system (referred to as

“Wynberg Caves’’ in the older collections): Wynberg Cave, Bat’s

Cave, and Inukshuk Cave. A physical mapping of the system was

undertaken by the South African Spelaeological Association (Cape

Town), with participation from A. Hitchcock and P. Swart. A
detailed profile of the system and the location of specimens are

provided in Figure 1.

Specimens of Speleosiro argasiformis (Fig. 2) have been observed in

three caves: V/ynberg, Inukshuk, and Bat’s Cave. This species is

especially abundant in Wynberg Cave, where ca. 25 specimens were
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seen in different galleries in all the main levels of the cave (Fig. 1 ). The
largest concentration of individuals occurred in the dark zone near

the entrance, at a site where small stones and bat guano accumulated

(right red dot in Fig. 1 ). The second largest aggregation occurred on a

decaying bat's carcass, covered in guano (Fig. 2D), where we saw

three specimens fleeing the carcass after being exposed to light.

Another specimen was also observed under a second bat carcass

(Fig. 2E). We also noticed several individuals walking about the

cave’s floor or lower part of the walls, or under medium-sized stones

(stones larger than 5 cm in diameter), always in the dark, humid zone of

the cave. Associated troglobitic fauna included other Opiliones

(Speleomoiuia cavernicola Lawrence 1931), and the rare Neopilionidae

Vihone vetusta Kauri 1961, several species of spiders, pseudoscorpions,

isopods (Crustacea: Malacostraca: Isopoda), an undescribed centipede

in the genus Paralamyctes (Chilopoda: Lithobiomorpha: Henicopi-

dae), and the troglophile camel cricket Speleiacris tabulae (Orthoptera:

Rhaphidophoridae). Perhaps the most spectacular is the blind albino

velvet worm Peripatopsis alba Lawrence 1931. Most of these species are

considered to be endangered or critically endangered, as is the case with

P. alba (Hamer et al. 1997; Sharratt et al. 2000).

Speleosiro argasiformis is poorly known from museum collections

and has been considered a “rare species.” Referring to the type

specimens of this species, Lawrence (1931:350-351) states:

“These 3 specimens were found in the Wynberg Cave of Table

Mountain, one by Dr. K. FI. Barnard in 1913 [specimen SAM
B 1473], the other two by myself in May 1929. [These are

the two subadult females from lot NMSA 7660; the male was

later described in p. 503.] The cave occurs at the top of the

mountain in the Table Mountain sandstone; the entrance to

the caves is tortuous and narrow, and the main body of it where

the specimens were found is about 100 feet below the surface,

the possibility of any light reaching it being thus precluded; the

walls of the main cave are damp and slimy from the water

which constantly percolates through fissures in the rocks; the

specimens were found under small stones on very damp or even

wet sand. The only vegetation seems to consist of a small lichen

and the fauna is sparse, the chief representative being the

peculiar Acridiid Orthopteron Speleiacris tabulae-, another

peculiar animal inhabiting the cave is a blind and unpigmented

Peripatus, Peripatopsis alba. Outside at the mouth of the cave

were found specimens of Purcellia illustrans in the usual

habitat.”

Juberthie (1970, 1971) provided further details and an accurate

redescription of S. argasiformis, expanded by de Bivort & Giribet

(2010), but no new material was reported by any of these authors.

Sharratt et al. (2000) studied the cave fauna of the Cape Peninsula

and reported 14 specimens of 5”. argasiformis (misspelled as S.

argasiformes). These authors proposed that S. argasiformis, along

with most of the other endemic carvernicoles, be considered

Endangered under lUCN Red List Categories, due to their limited

distributions. The estimated abundances for Wynberg and Bats’

Caves were 0.494 ± 0.63 individuals/m^ (0.282 for Wynberg and 0.707

for Bats’ Cave).

One of the arguments provided by Sharratt et al. (2000) for the

conservation status of S. argasiformis is its phylogenetic uniqueness,

for being the only member of its genus. Morphological cladistic

analyses suggest that Speleosiro is related to Purcellia (de Bivort et al.

2010; de Bivort and Giribet 2010; Giribet et al. 2012), but do not

resolve its exact position with respect to the Purcellia species. In fact,

Lawrence suggested that Speleosiro argasiformis is a troglobitic

version of the surface species Purcellia illustrans. Preliminary

molecular data (results not shown) corroborate the monophyly of

Purcellia + Speleosiro (three species of Purcellia and Speleosiro are

identical for 18S rRNA); however, Speleosiro is closer to P. leleupi

and P. griswoldi than to the sympatric species P. illustrans, according

to cytochrome c oxidase subunit I data.
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SHORT COMMUNICATION

A new species of Protoschizomiis (Schizomida: Protoschizomidae) from a cave in Guerrero, Mexico

Rodrigo Monjaraz-Ruedas: Coleccion Nacional de Aracnidos, Departamento de Zoologia, Institiito de Biologi'a,

Universidad Nacional Autonoma de Mexico, Apto. Postal 70-153, C. P. 04510, Ciudad Universitaria, Mexico D.F.

E-mail: roy_monrue@hotmail.com

Abstract. A new species of the genus Protosduzomus Rowland 1975 is described with adult males and females. We
collected Proloschizomu.sfrcmckei new species from Cueva del Diablo in the state of Guerrero, Mexico. Currently, the genus

Protoschizonnis is composed of eight species including the new species described here, of which five have been found inside

caves.

Keywords: Endemism, schizomids, taxonomy, troglobite

The family Protoschizomidae is a small group of schizomids

currently composed of two genera: Agastoscliizoiniis Rowland 1971

with five species, all troglobitic, and Protoschizomiis Rowland 1975

with seven species of which four are also troglobitic (Cokendolpher &
Reddell 1992; Harvey 2003; Montaho-Moreno & Francke 2009). The

members of this family are considered troglobites because they have

undergone several morphological adaptations for living in caves, such

as elongated appendages, lack of pigment, lack of ocelli and relatively

large body. Actually. Agastoschizomus liicifer Rowland 1971, with a

body of 12 mm length, is the largest schizomid in the world (Rowland

1971; Cokendolpher & Reddell 1992).

The family is endemic to Mexico and is distributed throughout the

states of Colima. Guerrero. Hidalgo. San Luis Potosi, and

Tamaulipas (Cokendolpher & Reddell 1992; Montaho-Moreno &
Francke 2009). These states have extensive karst formations where

limestone is abundant and therefore also have numerous caves.

Currently, there are approximately 7,000 caves reported for Mexico

(Lazcano 1983), so there are still many caves in which new schizomids

might be found.

Recent contributions regarding this family were made by Reddell

& Cokendolpher (1992) and Montaho-Moreno & Francke (2009).

Reddell & Cokendolpher (1992) revised and described seven new

species and proposed two species-groups in Protoschizonnis based on

the shape of the male tlagellum, the number of setae on the

propeltidium, and the distribution of setae on the sternites, and

introduced the nomenclature for the setation of the female flagellum.

Montaho-Moreno & Francke (2009) described Agastoschizomus

jiixtiaiiuacensis Montaho-Moreno & Francke 2009, collected from a

cave in the state of Guerrero and representing the second species from

western Mexico.

Four of the seven known species of Protoschizonnis have been

collected inside caves (Cokendolpher & Reddell 1992), about 500 to

700 m from the entrance. The caves where these species have been

collected are extensive systems, receiving massive amounts of

Figures 1-2. Protosciiizomiis franckei new species. Male holotype. Habitus: 1. Dorsal view. 2. Lateral view. Scale bars — 2 mm.
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Figures 3-8 .—Protoschizomus franckei new species: 3-5. Male holotype, nagelliim: 3. Dorsal view; 4.Ventral view; 5. Lateral view. 6-8.

Female paratype, flagellum: 6. Dorsal view; 7. Ventral view; 8. Lateral view. Scale bars = 0.2 mm. Setal terminology after Reddell &
Cokendolpher (1992): Dm: dorsal median setae; Dl: dorsal lateral setae; Vm: ventral median setae; VI: ventral lateral setae.

floodwater and organic material during the rainy seasons. In general,

the specimens have been collected in total darkness, where they

actively roam across silt banks or walk on the walls or between karst

formations (Rowland & Reddell 1979; Cokendolpher & Reddell

1992). The objective of this work is to describe a new species of the

genus Protoschizomus from a cave in Guerrero, which confirms that

the distribution of the family extends from the north to south of

Mexico along the Sierra Madre Oriental and westward through the

Mexican Trans-Volcanic Belt to the states of Guerrero and Colima.

The specimens were collected manually and preserved in 80%
ethanol. They were subsequently examined and measured with a

Nikon SMZ645 stereoscopic microscope fitted with an ocular

micrometer. The measurements are given in mm, following Coken-

dolpher & Reddell (1992). The female spermathecae were dissected in

80% ethanol and cleared in lactophenol for 10 min (Krantz & Walter

2009), after which they were fixed in Hoyer’s liquid, mounted in a

permanent preparation, and examined with an optical microscope

Nikon Eclipse El 00. The male chelicerae were dissected in ethanol

and observed in a semi-permanent preparation. The male flagellum

and palp were suspended in 96% gel alcohol (to position firmly and

prevent movement at the moment the picture is taken), and then were

covered with a thin layer of liquid ethanol (80%) to minimize light

diffraction during photography. We took photographs with a Nikon

Coolpix SIO VR camera equipped with a microscope adapter and
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Figures 9-11 .—Protoschizomus frcmckei new species. Male liolotype. 9. Right pedipalp, ecta! view. 10. Right chelicera, ectal view. Female

paratype. 11. Spermathecae. Scale bars: 0.2 mm (Figs. 9, 10), 0.05 mm (Fig. 11).

then edited the photographs with Adobe Photoshop CSS. The

specimens are deposited in the Coleccion Nacional de Aracnidos

(CNAN), Instituto de Biologia, Universidad Nacional Autonoma de

Mexico (UNAM).

TAXONOMY

Family Protoschizomidae Rowland 1975

Genus Protoschizomus Rowland 1975

Protoscliizomu.s Rowland 1975:2.

Type species ,—Agastoschizonms pacliypalpus Rowland 1973 by

original designation.

Protoschizomus franckei new species

Figs. 1-11

Type material,—MEXICO: Guerrero: holotype adult male, Cueva

de Boca del Diablo, Acuitlapan, Municipio Taxco de Alarcon

(18.59916°N, 99.54579°W, 1594 m), 21 April 2012, G. Contreras, J.

Mendoza, R. Monjaraz, D. Ortiz (CNAN-T()384). Paratypes: 1 adult

female, 1 immature, same data as holotype (CNAN-T0385).

Etymology.

—

This species is dedicated to Dr. Oscar Francke for his

contributions to Mexican arachnology and for his support provided

to the author.

Diagnosis,—A species belonging to the pacliypalpiis species-group

with a conical nagellum in the male, rather than a globose flagellum;

propelpidium with four pairs of dorsal setae; and sternites II-VIl with

two irregular rows of setae. Males can be distinguished by the conical

shape of the llagellum, ending in a triangular projection (Figs. 3-5);

longer and narrower than that of P. occiclentalis Rowland 1975; by

the presence of two rows of setae, with five and three setae on the

patella and five spinose setae on tibia (Fig. 9), in comparison to P.

occidentaHs which has three setae on the patella and four on the tibia,

respectively.

Description.—Male (holotype): Pale brownish. Length, from

anterior margin of propeltidium to base of flagellum 4.56 (Figs. 1, 2).

Prosoma: Propeltidium 1.22 long, 0.60 wide; anterior process curved

downward; with row of two setae on anterior process and one pair

setae at base of process; with four pairs of dorsal setae, the second

pair longer than the others and the last pair missing; without ocular

spots. Mesopeltidial plates 0.26 long; gap between the plates 0.12.

Metapeltidium divided, each plate 0.34 wide. Anterior sternum with

10 setae plus two sternopophysial setae; posterior sternum with four

setae.

Chelicera: Serrula with eight teeth. Setae 1=3, 2=4, 3=9, 4=2,

5=0, 6=1 (Fig. 10).

Palp: Trochanter not produced distally, semi-ovate, without sharp

distal margins and without mesal spur. Femur with four long,

spiniform setae ventrally and four prolaterally. Patella ventrally with

two rows of spiniform setae; mesal row with five setae, ectal row with

three spiniform setae, basal shortest and distal longest. Tibia with

three ventrolateral rows of spiniform setae, two mesal and one ectal,

first mesal row with five setae, second mesal row with five setae and

ectal row with five setae (Fig. 9). Basitarsus-tarsus with two

symmetrical spurs 0.14 long; claw 1.22 long (Fig. 9).

Legs: Leg I, including coxa, 5.61 long; basitarsal-tarsal propor-

tions; 23; 5: 6: 6; 6; 5; 21. Femur IV 4.2 times longer than deep.
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X Protoschizomusfranckei

^ Protoschizomus treacyae

Protoschizomus piirificacion

^ Protoschizomus gertschi

Protoschizomus pachypalpus

Protoschizomus rowlaiuli

X Protoschizomus occidentalis

V ^ Protoschizomus sprousei

500 Km

Figure 12.—Distributional records of the genus Protoscliizoimis Rowland 1975 in Mexico.

Opisthosoma: Tergite I with four anterior microsetae (in a row) and

two large posterior setae; tergite II with six anterior microsetae (in a

row) and two large posterior setae; tergites III-V and VII with two

dorsal and two dorsolateral setae each; tergite VI with five setae, three

dorsal and two dorsolateral setae; tergite VIII with two dorsal, four

dorsolateral setae (in a row) and two lateral setae; tergite IX with two

dorsal and two lateral setae; tergites X-XII semi-telescopic, XII being

longest. Sternites II-VII with two irregular rows of setae near

posterior margin; sternites VIII-IX with one row of setae; sternite X
with one irregular row of setae; Genital plate clearly sclerotized.

Sternite VI 3.5 times wider than long; width/length ratio versus body

length, 1.2. Flagellum (Figs. 3-5) 0.64 long, 0.27 wide; conical,

gradually expanded distally, with ventrolateral bulbs; seta dm2
absent.

Female (paratype): Similar to the male, differences: length from

anterior margin of propeltidium to base of nagellum, 3.92.

Propeltidium 1.48 long, 0.70 wide; setation as on male. Tergite

setation as on male, except tergite VIII with two rows of setae on

anterior and posterior margins, with five setae each. Sternite setation

as on male, except on sternites VII and IX with two dorsal setae and

four dorsolateral setae each; Sternite VI 3.6 times wider than long;

width/length ratio versus body length, 1.08. Flagellum (Figs. 6-8)

0.60 long; dm2 setae absent; segments/articles 1, III-V present.

Spermathecae (Fig. II) with one pair of short, tubular lobes not

increasing in diameter apically; with two sclerotized plates behind the

lobes. Chelicera: serrula with seven teeth. Setae 1=3, 2=4, 3=11,

4=2, 5=0, 6=1. Leg I, including coxa, 5.24 long; basitarsal-tarsal

proportions 17: 5: 5: 4: 5: 6: 20. Femur IV 3.4 times longer than deep.

Variation.—The male is larger than the female. The male pedipalps

are longer and wider than on female. The number of teeth on the

serrula of the chelicerae is eight in male and seven in female.

Cheliceral setation: G3 varies, with nine on male and 1 1 on female.

Measurements (mm).—Male holotype (Female paratype): Pedi-

palp: trochanter 0.49 (0.42); femur 0.73 (0.68); patella 0.70 (0.64);

tibia 0.67 (0.56); basitarsus-tarsus 0.30 (0.30); total 2.89 (2.60). Leg I:

coxa 0.52 (0.44); trochanter 0.34 (0.34); femur 1.34 ( 1.10); patella 1.40

(1.28); tibia 1.26 (1.10); basitarsus 0.46 (0.27); tarsus 0.75 (0.71); total

5.61 (5.24). Leg IV: trochanter 0.60 (0.62); femur 1.28 (1.24); patella

0.64 (0.58); tibia 0.96 (0.90); basitarsus 0.84 (0.84); tarsus 0.62 (0.60);

total 4.94 (4.78).

Distribution.—This species is known only from the type locality in

the state of Guerrero (Fig. 12).

Related species.

—

Protoschizomus franckei resembles P. occiden-

talis Rowland 1975, from Colima, in that the male fiagellum is

broadly joined at the base, and seta vm4 is present; but they differ in

size; P. franckei is larger (4.56) than P. occidentalis (4.00). The

flagellum is narrower and longer in P. franckei than in P. occidentalis

(Cokendolpher and Reddell 1992; Figs. 52, 53). The proportion of
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pedipalp length versus body length is 0.63 for P. franckei, whereas for

P. occidentalis it is 0.69. The number of spiniform setae varies from

one species to the other: on the patella P. franckei has two rows of

setae, with five and three setae, whereas on P. occidentalis it possesses

only three setae; the tibia has three rows of setae, the ectal row with

five setae, and on P. occidentalis it has only four setae. The spur is

smaller (0.14) and the claw is bigger (1.22) in P. franckei than in P.

occidentalis (0.3 and 0.6 respectively). The serrula has eight teeth on

P. franckei, whereas P. occidentalis has seven; the number of setae

varies throughout the cheiicera. The propeltidium on P. franckei has

one pair of setae less than on P. occidentalis.

Natural history.—We collected the specimens in a karstic cave,

under a big rock, approximately 40 m from the entrance. The cave

presents a considerable accumulation of mud on the ground and

walls, indicating that it is subjected to periodic flash floods in the

rainy season. The cave shows a high degree of human disturbance.

The habitat outside the cave is deciduous oak forest.
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